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SPECIFICATION 

APPARATUS AND METHOD FOR TRANSMITTING IMAGES 
OVER A SINGLE-FILAMENT FIBER OPTIC CABLE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of co-pending U.S. Patent Application Serial 
No. 09/550,629, filed on April 17, 2000. The priority of this prior application is expressly 
claimed and its disclosure is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to optical imaging systems and, more particularly, 
to a system and method for transmitting entire images over a single filament of a fiber optic 
cable. 

Background of the Invention 

It has been known since the late 1 920s that light can be transmitted through transparent 
conductors as described in U.S. Patent No. 1,751,584, issued to Hansell. Later, in the 1950s, as 
disclosed in U.S. Patent No. 2,825,260, issued to O'Brien, a plurality of transparent conductors, 
or filaments, were formed as long, thin rods, individually coated with an opaque material, and 
grouped into a bundle for transporting images. It was recognized that the size of the bundle of 
filaments depends upon the purpose for which the bundle would be used and that the cross- 
sectional size of the filament, in turn, depends upon the degree of resolution desired in the 
images. The fiber bundle was later refined as described in U.S. Patent No. 3,016,785, issued to 
Kapany. This refinement included the use of flexible bundles and the use of motion in 
conjunction with a larger number of filaments each with a smaller diameter to further increase 
image resolution. 
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Over the past few years, fiber optic cables have been used in a growing number of 
applications to communicate information. In many of these applications, fiber optic cable has 
become a preferred medium of communication over standard metal cable because fiber optic 
cable has many advantages over metal cable. For example, operating at higher speeds and 
5 having a much greater bandwidth, fiber optic cable can carry more information than can metal 
cable. This information can span longer distances without being refreshed when communicated 
over fiber optic cable. Also, relative to metal cable, fiber optic cable has a greater resistance to 
electromagnetic noise and a much lower cost to maintain. Fiber optic cable further is much 
thinner and lighter than metal cable. 

1 0 For example, fiber optic cables are used to transmit images in many modern imaging 

systems. These fiber optic cables typically comprise a fiber bundle with a large number of 
7 individual filaments. According to the traditional understanding in the art, the fiber bundle must 
have a large number of individual filaments, preferably maintained in relative position at both 
ends of the bundle, because the resolution of the transmitted images is substantially proportional 

15 to a number of filaments per unit cross-sectional area of the fiber bundle. Thus, image resolution 
increases as the number of filaments per unit cross-sectional area of the fiber bundle also 
increases. For the number of filaments per unit cross-sectional area of the fiber bundle to 
increase, however, a diameter of each filament must become smaller. Such filaments, due to 
their small diameters, have proven to be difficult and expensive to produce under current 

20 manufacturing processes. In use, filaments with small diameters also have proven to be fragile 
and have resulted in deterioration in image quality because of signal loss within individual 
filaments and crosstalk between filaments. 

An illustrative imaging system is described in U.S. Patent No. 5,208,891, issued to 
Prysner. Noting that optical images can be transmitted by fiber optic bundles, Prysner discloses 

25 a viewgraph projector that generates an optical image from a transparency slide and 

communicates the optical image via a multifiber coherent optical cable to a remote projection 
lens, which projects the optical image onto a screen. The viewgraph projector disclosed in 
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Prysner therefore is in accordance with the traditional understanding in the art, communicating 
the optical image over a fiber bundle with a plurality of filaments. Similarly, the fiber optic 
intubating scope described in U.S. Patent No. 5,363,838, issued to George, demonstrates the use 
of fiber optic bundles to illuminate a patient's internal structures and to communicate images of 
5 those internal structures to an optical camera. The optical camera disclosed in George is 

disposed in a proximal end of a semi-malleable tube and, like the illumination source, requires 
power. The fiber optic bundles extend the length of the semi-malleable tube, and, when a distal 
end of the semi-malleable tube is a patient's throat, the fiber optic bundles provide illumination 
for the optical camera and allow the optical camera to see the internal structures within the 

10 patient. Like the viewgraph projector in Prysner, the fiber optic intubating scope disclosed in 
George transmits images over a fiber optic cable comprising a fiber bundle with a plurality of 
filaments and follows the traditional understanding in the art. 

Further, a recent article, entitled "Fiberoptic Tutorial," by Lee, describes the use of fiber 
bundles in fiber optic cables to transmit optical images. According to the Lee article, it is 

1 5 impossible for a single filament of a fiber optic cable to transmit an entire image. Stating that an 
individual filament can transmit only a spot with a certain color and intensity, the Lee article 
maintains, in accordance with the traditional understanding in the art, that a large number of 
individual filaments are required to transmit an image over a fiber optic cable. Further, as 
previously discussed, the Lee article requires that the individual filaments in the fiber bundle be 

20 aligned and fused together such that the individual filaments are ordered in exactly the same way 
at both ends of the fiber optic cable for the image to be created. 

In view of the foregoing, it is believed that a need exists for a system for transmitting 
images that overcomes the aforementioned obstacles, limitations, and deficiencies of currently 
available imaging systems. 
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SUMMARY OF THE INVENTION 

The present invention is directed toward a system for transmitting entire still and/or 
moving images via a single filament in a fiber optic cable. Through the use of the present 
invention, a camera produces an image, which is miniaturized and communicated in its entirety 
5 through a filament in a fiber optic cable to a display system. Upon receiving the image as 

miniaturized, the display system deminiaturizes and visibly presents the image substantially in 
real-time, and, being substantially continuously updated by the camera, the image can be 
presented as a moving image. The present invention therefore provides the advantages of visibly 
presenting real-time still and/or moving images of near and/or remote objects without requiring 

10 the use of either external power or fiber optic cables having a bundle of filaments. 

A system of transmitting images in accordance with the present invention comprises a 
fiber optic cable, a camera, and a display system. The fiber optic cable has a filament for 
transmitting optical signals. Coupled with a proximal end region of the fiber optic cable, the 
camera comprises a lens system for receiving light signals from one or more still and/or moving 

15 objects. The lens system of the camera is optically coupled with, and in optical communication 
with, the filament of the fiber optic cable and is adapted to produce a substantially-reduced 
image of the objects preferably via an inverted microscope objective. Being focused on an initial 
image of the objects that is generated by the lens system, the inverted microscope objective is 
capable of intensifying and/or miniaturizing the initial image, thereby producing the 

20 substantially-reduced image. The substantially-reduced image, being substantially miniaturized, 
has a size that is substantially between one-thousandth and one-millionth of a size of the initial 
image. 

The display system is coupled with a distal end region of the fiber optic cable and 
includes a lens system. The lens system of the display system is optically coupled with, and in 
25 optical communication with, the lens system of the camera via the filament of the fiber optic 

cable. Upon receiving the substantially-reduced image, the lens system of the display system is 
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adapted to deminiaturizc (or magnify) the substantially-reduced image, thereby producing a 
visibly-presentable image. The lens system of the display system preferably includes a 
microscope objective with a deminiaturization (or magnification) index that is substantially equal 
to an inverse or reciprocal of a miniaturization index of the inverted microscope objective. 
5 Using the substantially-reduced image as a object, the microscope objective is capable of 
generating a restored image with a size that is substantially between one thousand and one 
million times the size of the substantially-reduced image. Stated somewhat differently, the size 
of the restored image preferably is substantially equal to the size of the initial image produced by 
the lens system of the camera. The lens system of the display system is adapted to receive the 

1 0 restored image and, using the restored image as an object, is capable of generating and visibly 
presenting the visibly-presentable image. 

In operation, a lens system of a camera is directed substantially toward one or more still 
and/or moving objects to be visibly presented. The objects reflect and/or otherwise emit light 
signals, some of which are directed substantially toward, and are received by, the lens system. 

1 5 The lens system of the camera generates an initial image of the objects and communicates the 
initial image to an inverted microscope objective. Being focused on the initial image, the 
inverted microscope objective intensifies the initial image, generating a substantially-reduced 
image of the objects. The substantially-reduced image is communicated in its entirety and in 
real-time from the lens system of the camera to a lens system of a display system via a filament 

20 of a fiber optic cable. A microscope objective included with the lens system of the display 

system receives and deminiaturizes the substantially-reduced image, producing a restored image 
of the substantially-reduced image. Being focused on the restored image, the lens system of the 
display system generates and visibly presents a visibly-presentable image of the objects. 

It will be appreciated that a system for transmitting images in accordance with the present 

25 invention provides the capability of visibly presenting images of near and/or remote objects 

substantially in real-time. Also, since the lens system of the camera is capable of substantially 
continuously generating and intensifying images that can be substantially continuously 
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ittcd to the display system via the fiber optic cable, the lens system of the display system 
adapted to substantially continuously dem.maturize and visibly present the images. The .mage 
of the objects therefore is continuously updated and therefore can be visibly presented as a 
moving image. The system of the present invention provides the further advantage of 
5 communicating entire images through a single filament of a fiber optic cable without reducing 
image quality, thereby avoiding the need for and/or increased expense associated with fiber optic 
cables with a multitude of filaments. Since each filament in a fiber optic cable can be adapted to 
communicate entire images, the fiber optic cable can experience a substantial increase in its 
overall data transfer rate. Lastly, it will be appreciated that the system of the present invention 
10 provides the still further advantage of capturing and visibly presenting images without the need 
for a power source. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is an illustration of one preferred embodiment of a system for transmitting images 
in accordance with the present invention. 
4 5 Fig. 2 is a detailed view of a camera of Fig. 1 . 

Figs. 3A-B are a detailed illustration of an inverted microscope objective of the camera of 

Fig. 2. 

Fig. 4 is a detailed view of a first embodiment of a display system of Fig. 1. 

Figs. 5A-B are a detailed illustration of a microscope objective of the display system of 

20 Fig. 4. 

Fig. 6 is a detailed view of a second embodiment of the display system of Fig. I . 
Fig. 7 is an illustration of a second preferred embodiment of a system for transmitting 
images in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Since the resolution of images communicated by fiber optic cable is restricted by the 
limited number of filaments that can be bundled into a fiber optic cable under present 
manufacturing techniques, a system that transmits entire images over a single-filament within a 
5 fiber optic cable can prove much more desirable and provide a basis for a wide range of image 
transmission applications, such as video applications. This result can be achieved, according to 
one embodiment of the present invention, by employing a system 10 for transmitting images as 
shown in Fig. 1. The system 10 includes a fiber optic cable 100, a camera 200, and a display 
system 300. 

1 0 The fiber optic cable 1 00 can comprise any type of fiber optic cable that is well-known in 
the art. Although the system 1 0 can be adapted to incorporate any type of communication 

11 system and/or cable, such as copper cable, through the use of one or more transceivers, the fiber 
optic cable 1 00 is preferred because fiber optics have many advantages over copper cable. For 
example, relative to copper cable, fiber optics operate at higher speeds, have a wider bandwidth, 

1 5 can span longer distances without needing to be refreshed, have greater resistance to 

electromagnetic noise, and cost much less to maintain. The fiber optic cable 1 00 has a filament 
1 1 0 for transmitting optical signals 20 (shown in Fig. 2) and proximal and distal opposite end 
regions 120, 130. Although this embodiment of the present invention discloses the use of the 
fiber optic cable 100 with the filament 110, the fiber optic cable 100 can include a plurality of 

20 filaments. Any additional filaments may be unused and/or employed to transmit other optical 
signals, such as transmitting (e.g. redundant) images from the camera 200 to a plurality of 
display systems 300. Further, as discussed in greater detail below, a system 1000 for 
transmitting images (shown in Fig. 7) can comprise a plurality of cameras 1 200 and/or a plurality 
of display systems 1300, which are optically coupled and in optical communication via a fiber 

25 optic cable 1 1 00 with a plurality of filaments 1110. 
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To facilitate substantially simultaneous communication of a plurality of modes and/or 
rays of light through the filament 1 10, the fiber optic cable 100 preferably is of a "multimodc" 
type. In such a "multimode" type of fiber optic cable 100, the filament 1 10 has a core diameter 
M that is larger than a core diameter in a "single mode" type of fiber optic cable to avoid excess 
5 heat being dissipated inside the filament 1 1 0 when the optical signals 20 have certain qualities 
such as high energy and/or high density. The "multimode" type of fiber optic cable 100 
preferably has a fiber size of 200/250, where the first number represents the core diameter M in 
microns and the second number represents a diameter in microns of a clad 1 1 5 (shown in Fig. 2) 
around the core. However, it will be appreciated that the filament 1 10 of the fiber optic cable 
10 100 can comprise any commercially-available fiber size, such as 62.5/125, 50/125, 100/140, or 
1 10/125, for example, as heat dissipation becomes less of a consideration and/or by varying the 
chemistry of the material, such as plastic or glass, used to form the core. 

The fiber optic cable 1 00 also has a length L. Although generally unnecessary for shorter 
length cables, the fiber optic cable 1 00 can include one or more optical repeaters (not shown) for 
15 receiving, amplifying, and re-transmitting the optical signals 20 (shown in Fig. 2). An optical 
repeater should be coupled with, and in optical communication with, the filament 1 1 0 when the 
length L of the fiber optic cable 1 00 exceeds between approximately three hundred and thirty 
thousand kilometers with additional optical repeaters being added, as necessary, for 
approximately each additional three hundred to thirty thousand kilometers of cable length. 
20 Those skilled in the art will appreciate that fewer optical repeaters can be used and/or a spacing 
between successive optical repeaters can be increased as the core diameter M of the filament 1 10 
decreases and/or the light signals 30 (shown in Fig. 2) are more highly intensified. Stated 
somewhat differently, the length L of the fiber optic cable 100 can be increased substantially 
inversely proportionally with the core diameter M of the filament 1 10 and/or substantially in 
25 proportion with the intensification of the light signals 30. If one or more optical repeaters are to 
be included with the system 10, the fiber optic cable 100 preferably is divided into a plurality of 
cable segments (not shown). Each of the plurality of cable segments has a preselected length; 
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the preselected length of each cable segment can be any length up to between approximately 
three hundred and thirty thousand kilometers. One of the optical repeaters is disposed 
substantially between, and substantially in axial alignment with, adjacent cable segments to 
permit the filaments 1 10 of the adjacent cable segments to be optically coupled and in optical 
5 communication. Since one aspect of the present invention is that the system 10 for transmitting 
images can operate without an internal and/or external power source, the optical repeaters 
preferably are not powered; however, any type of optical repeater, including powered optical 
repeaters, may be used with the present invention. 

Fig. 2 provides an illustration of the camera 200 in accordance with the first embodiment 

10 of the present invention. The camera 200 includes a lens system 210. The camera 200 can be 
any type of camera, such as a still and/or video camera for capturing images on film and/or a 
digital medium. Since the lens system 210 preferably comprises an optical portion of a camera, 
however, it will be appreciated that none of the other capabilities and/or mechanisms of such a 
camera, such as a shutter or a film plate, are required for the present invention. As shown in Fig. 

1 5 2, the camera 200 is directly and/or indirectly coupled with the proximal end region 120 of the 
fiber optic cable 100, and the lens system 210 is adapted for receiving light signals 30 from one 
or more objects 40, which may include still objects and/or moving objects. The light signals 30 
can comprise natural and/or artificial light that is reflected from the objects 40 and/or, if one or 
more of the objects 40 is backlit and/or substantially translucent, natural and/or artificial light 

20 that passes through and/or around the objects 40. The camera 200, if desirable, can include a 
source of illumination (not shown) for momentarily or continuously illuminating and/or 
backlighting one or more of the objects 40. Like the system 10, the source of illumination also 
can be adapted to operate without a power source. For example, such an unpowered source of 
illumination can comprise a system, such as a mirror, for redirecting light from another natural 

25 and/or artificial source, external to the system 10, and substantially toward one or more of the 
objects 40. Alternatively, or in conjunction with the unpowered source of illumination, the 
source of illumination can comprise a powered source of illumination such as a flashbulb, a 
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built-in repeat use flash system, a repeat use flash attachment, a floodlight, and/or any other type 
of illumination or lighting source. To facilitate the illumination of the objects 40, the source of 
illumination can be integral to, and/or separate or separable from, the camera 200 and/or the 
system 10. 

5 Preferably comprising an optical portion of a standard 35mm still camera, the lens system 

210 can be any type of lens system, such as a wide-angle lens, a "normal" (or medium) lens, a 
telephoto lens, and/or any other type of lens system. For purposes of illustration, the lens system 
210 has been depicted as a single element positive lens; however, it should be understood that a 
multiple element lens system can be used. Upon receiving the light signals 30 from one or more 

10 of the objects 40, the lens system 210 is adapted to produce a substantially-reduced image 60 of 
the objects 40 and is adjustable to, for example, focus and/or zoom in (or out) on one or more of 
the objects 40. The lens system 210 is optically coupled with, and in optical communication 
with, the filament 110. To facilitate optical coupling, the lens system 210 and the filament 1 10 
preferably are substantially in axial alignment to provide a substantially direct optical path for 

1 5 the light signals 30 to travel from the lens system 2 1 0 to the filament 1 1 0. Although each 

element in this embodiment of the present invention is described as being substantially axially 
aligned, the elements preferably are precisely in axial alignment. 

The lens system 2 1 0 preferably further includes an inverted microscope objective 220. 
The inverted microscope objective 220 can be physically separate from the lens system 210, as 

20 shown in Fig. 2, and/or can be substantially incorporated into the lens system 210. For purposes 
of illustration, the inverted microscope objective 220 has been depicted as a single element lens; 
however, it should be understood that a multiple element lens system can be used. The inverted 
microscope objective 220 is disposed substantially between, and substantially in axial alignment 
with, the lens system 210 and the filament 110 substantially adjacent to the proximal end region 

25 120 of the fiber optic cable 100. The lens system 210 is optically coupled with, and in optical 
communication with, the filament 1 10 via the inverted microscope objective 220. Upon 
receiving the light signals 30 from one or more of the objects 40, the lens system 210 is adapted 
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to produce an initial image 50 of the objects 40 in a manner that is well-known in the art. The 
initial image 50 has a size (not shown). For example, when the lens system 210 comprises a lens 
system of a standard 35mm still camera, the initial image 50 has a size with a maximum height 
of substantially thirty-six millimeters and a maximum width of substantially twenty-four 
millimeters (36mm x 24mm), such that the initial .mage 50 is adapted to fill substantially an 
entire area allocated for images on 35mm film. 

The lens system 210 is further capable of optically communicating the initial image 50 to 
the inverted microscope objective 220. The initial image 50 generated by the lens system 210 
serves as an object for the inverted microscope objective 220. The inverted microscope 
objective 220 preferably is focused on the initial image 50 and is separated from the initial image 
50 by a distance, which preferably is substantially equal to fifty millimeters. To further ensure 
image quality, the inverted microscope objective 220 preferably is positioned to be flooded with 
the initial image 50. The inverted microscope objective 220 generally is flooded when the initial 
im age 50 is sized, for example by being magnified or reduced, such that the initial image 50 
spans substantially an entire usable area of the inverted microscope objective 220. The inverted 
microscope objective 220 can be adjustably positioned within the camera 200 such that a 
distance between the inverted microscope objective 220 and the lens system 210 and/or the 
filament 110 substantially adjacent to the proximal end region 120 can be modified during, for 

example, assembly and/or use. 

Upon receipt of the initial image 50, the inverted microscope objective 220 is adapted to 
further intensify the initial image 50, producing the substantially-reduced image 60. The 
substantially-reduced image 60 has a size that is substantially between one-thousandth and one- 
millionth of a size of the initial image 50 and is capable of being transmitted over much longer 
distances than is the less intensified initial image 50. To help ensure image quality for objects 40 
of various sizes and/or at various distances from the camera 200, the inverted microscope 
objective 220 can be adjustable, providing a plurality of miniaturization indexes. The plurality 
of miniaturization indexes may be adjustable over a continuous range and/or in a plurality of 
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discrete steps, and can prove advantageous when one or more of the objects 40 is in motion 
and/or when it is desirable to focus on and/or zoom in (or out) on one or more of the objects 40. 
The inverted microscope objective 220 further is capable of communicating optical signals 70 
that comprise the substantially-reduced image 60 to the filament 110 substantially adjacent to the 
5 proximal end region 1 20 of the fiber optic cable 1 00. 

While the inverted microscope objective 220 can be constructed in any of many different 
forms, Figs. 3A and 3B provide one detailed illustration of the inverted microscope objective 220 
when the lens system 210 comprises a lens system of a standard 35mm still camera. The 
inverted microscope objective 220 is disposed substantially between the lens system 210 of the 
10 camera 200 and the proximal end region 120 of the fiber optic cable 100 and is substantially in 
axial alignment with, and optically coupled with, the lens system 2 1 0 and the filament 1 1 0 
substantially adjacent to the proximal end region 120. The inverted microscope objective 220 
preferably includes eight lenses arranged in two stages. As shown in Fig 3 A, the first stage 500 
of the inverted microscope objective 220 preferably comprises two double convex converging 
15 lenses 510, 520, each of which is substantially in axial alignment with, and in optical 
communication with, the lens system 210 of the camera 200. 

The first double convex converging lens 5 1 0 is disposed substantially between the lens 
system 210 and the second double convex converging lens 520. The first double convex 
converging lens 510 has a focal length (not shown ) of substantially twenty millimeters and 
20 includes an object lens surface 530 and an image lens surface 540, each of which preferably has 
a radius of curvature of substantially twenty millimeters. Similarly to each lens comprising the 
inverted microscope objective 220, the object lens surface 530 of the first double convex 
converging lens 510 is directed substantially toward the objects 40; whereas, the image lens 
surface 540 is substantially adjacent to a reduced image 570 generated by the first double convex 
25 converging lens 5 1 0. The second double convex converging lens 520 has a focal length (not 

shown) of substantially twenty millimeters and includes an object lens surface 550 and an image 
lens surface 560. The object lens surface 550 and the image lens surface 560 each preferably 
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have a radius of curvature of substantially twenty millimeters, and the second double convex 
converging lens 520 is disposed substantially between the first double convex converging lens 
510 and a first double convex converging lens 605 (shown in Fig. 3B) of the second stage 600. 

As was previously discussed in more detail above, the lens system 210 of the camera 200 
is capable of receiving the light signals 30 from the one or more objects 40 and is adapted to 
produce the initial image 50. When the lens system 210 comprises a lens system of a standard 
35mm still camera, the initial image 50 has a size with a maximum height of substantially thirty- 
six millimeters and a maximum width of substantially twenty-four millimeters (36mm x 24mm). 
The initial image 50 serves as an object for the first double convex converging lens 510, from 
which the reduced image 570 will be generated. The first double convex converging lens 510 
preferably is focused on the initial image 50 and is separated from the initial image 50 by a 
distance A of substantially fifty millimeters. A distance B between the first double convex 
converging lens 510 and the reduced image 570 produced by the first double convex converging 
lens 510 is determined in accordance with the well-known lens equation for lenses in general, 
which is based upon the law of refraction geometrically constructed by W. Snell in 1621 : 

J_ = _L + J_ Equation 1 

f do di 

where f is the focal length of a lens, d 0 is the distance between the center of the lens and an 
object, and d, is the distance between the center of the lens and an image of the object. Applying 
the general lens equation of Equation 1 to the first double convex converging lens 510, the 
distance B is calculated to be substantially equal to thirty-three and one-third millimeters. 
Further, the reduced image 570 has a size that is substantially equal to a product of the size of the 
initial image 50 and a miniaturization index (not shown) for the first double convex converging 
lens 510. The miniaturization index for the first double convex converging lens 510 is 
determined from the well-known magnification (or miniaturization) equation: 

m = iL_ Equation 2 

do 
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where the distances d, and d„ each retain their definitions from the general lens equation of 
Equation 1 and m comprises a miniaturization index when a ratio of the distance, d„ to the 
distance, d () is less than one and a dcminiaturization (or magnification) index when the ratio 
exceeds one. For the first double convex converging lens 510, the miniaturization index is 
5 calculated to be substantially equal to two-thirds (2/3). Thus, the reduced image 570 generated 
by the first double convex converging lens 510 has a maximum height of substantially twenty- 
four millimeters and a maximum width of substantially sixteen millimeters (24mm x 16mm). 

Similarly, the reduced image 570, in turn, serves as an object for the second double 
convex converging lens 520, which generates a further-reduced image 580. The second double 
1 0 convex converging lens 520 preferably is focused on the reduced image 570 and is separated 
from the reduced image 570 by a distance C, which preferably is substantially equal to fifty 
millimeters. Stated somewhat differently, the second double convex converging lens 520 is 
displaced from the first double convex converging lens 5 1 0 by a total distance substantially equal 
to eighty-three and one-third millimeters. As with the first double convex converging lens 5 1 0, a 
15 distance D between the second double convex converging lens 520 and the further-reduced 

image 580 is calculated via the general lens equation of Equation 1 and is substantially equal to 
thirty-three and one-third millimeters. The further-reduced image 580 also has a size that is 
substantially equal to a product of the size of the reduced image 570 and a miniaturization index 
(not shown) for the second double convex converging lens 520. In accordance with the 
20 magnification (or miniaturization) equation of Equation 2, the miniaturization index for the 

second double convex converging lens 520 is calculated to be substantially equal to two-thirds 
(2/3). As a result, the further-reduced image 580 generated by the second double convex 
converging lens 520 has a maximum height substantially equal to sixteen millimeters and a 
maximum width substantially equal to ten and two-third millimeters. Thus, the first stage 500 of 
25 the inverted microscope objective 220 has a total miniaturization index substantially equal to a 
product of the miniaturization indexes for the first double convex converging lens 510 and the 
second double convex converging lens 520, or substantially four-ninths (2/3) and a total length, 
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as measured from the initial image 50 to the further-reduced image 580, of approximately one 
hundred, sixty-six and two-third millimeters (166 2/3mm). 

A second stage 600 of the inverted microscope objective 220 is shown in Fig. 3B. The 
second stage 600 preferably comprises six double convex converging lenses 605, 610, 615, 620, 
5 625, and 630 each of which is, like the second stage 600, substantially axially aligned with and in 
optical communication with the first double convex converging lens 510 and the second double 
convex converging lens 520 of the first stage 500. The first double convex converging lens 605 
has a focal length (not shown) of substantially ten millimeters and includes an object lens surface 
635 and an image lens surface 640, each of which preferably has a radius of curvature of 
1 0 substantially ten millimeters. The first double convex converging lens 605 is disposed 

substantially between the second double convex converging lens 520 (shown in Fig. 3 A) of the 
first stage 500 and the second double convex converging lens 610 of the second stage 600. The 
second double convex converging lens 610 of the second stage 600 includes an object lens 
surface 645 and an image lens surface 650, each of which preferably has a radius of curvature of 
1 5 substantially ten millimeters. The second double convex converging lens 6 1 0 has a focal length 
(not shown) of substantially ten millimeters and is disposed substantially between the first 
double convex converging lens 605 and the third double convex converging lens 615. Being 
disposed substantially between the second double convex converging lens 61 0 and the fourth 
double convex converging lens 620, the third double convex converging lens 615 has a focal 
20 length (not shown) of substantially ten millimeters and includes an object lens surface 655 and 
an image lens surface 660, each of which preferably has a radius of curvature of substantially ten 
millimeters. 

The fourth double convex converging lens 620 includes an object lens surface 665 and an 
image lens surface 670, each of which preferably has a radius of curvature of substantially ten 
25 millimeters. The fourth double convex converging lens 620 has a focal length (not shown) of 
substantially ten millimeters and is disposed substantially between the third double convex 
converging lens 615 and the fifth double convex converging lens 625. Being disposed 
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substantially between the fourth double convex converging lens 620 and the sixth double convex 
converging lens 630, the fifth double convex converging lens 625 has a focal length (not shown) 
of substantially ten millimeters and includes an object lens surface 675 and an image lens surface 
680, each of which preferably has a radius of curvature of substantially ten millimeters. Lastly, 
5 the sixth double convex converging lens 630 has a focal length (not shown) of substantially ten 
millimeters and includes an object lens surface 685 and an image lens surface 690. The object 
lens surface 685 and the image lens surface 690 each preferably have a radius of curvature of 
substantially ten millimeters, and the sixth double convex converging lens 630 is disposed 
substantially between the fifth double convex converging lens 625 and the filament 110 
10 substantially adjacent to the proximal end region 120 of the fiber optic cable 100. 

Analogously to the second double convex converging lens 520 of the first stage 500, the 
further-reduced image 580 generated by the second double convex converging lens 520 (shown 
in Fig. 3A) of the first stage 500 serves as an object for the first double convex converging lens 
605 of the second stage 600. The first double convex converging lens 605 preferably is focused 
1 5 on the further-reduced image 580 and generates a further-reduced image 700. The first double 
convex converging lens 605 is separated from the further-reduced image 580 by a distance N of 
substantially fifty millimeters. Stated somewhat differently, the first double convex converging 
lens 605 of the second stage 600 is displaced from the second double convex converging lens 
520 of the first stage 500 by a total distance substantially equal to eighty-three and one-third 
20 millimeters. As with the double convex converging lenses 510, 520 of the first stage 500, a 
distance P between the first double convex converging lens 605 and the further-reduced image 
700 is calculated via the general lens equation of Equation 1 and is substantially equal to twelve 
and one-half millimeters. The further-reduced image 700 also has a size that is substantially 
equal to a product of the size of the further-reduced image 580 and a miniaturization index (not 
25 shown) for the first double convex converging lens 605. In accordance with the magnification 
(or miniaturization) equation of Equation 2, the miniaturization index for the first double convex 
converging lens 605 is calculated to be substantially equal to one-fourth (1/4). Thus, the further- 
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reduced image 700 generated by the first double convex converging lens 605 has a maximum 
height substantially equal to four millimeters and a maximum width substantially equal to two 
and two-third millimeters (4mm x 2 2/3mm). 

Similarly, the further-reduced image 700, in turn, serves as an object for the second 
5 double convex converging lens 610. The second double convex converging lens 610 preferably 
is focused on the further-reduced image 700 and generates a further-reduced image 705. The 
second double convex converging lens 610 is separated from the further-reduced image 700 by a 
distance Q, and the distance Q preferably is substantially equal to fifty millimeters. Stated 
somewhat differently, the second double convex converging lens 610 is displaced from the first 
1 0 double convex converging lens 605 by a total distance substantially equal to sixty-two and one- 
half millimeters. As with the first double convex converging lens 605, a distance R between the 
second double convex converging lens 61 0 and the further-reduced image 705 is calculated via 
the general lens equation of Equation 1 and is substantially equal to twelve and one-half 
millimeters. The further-reduced image 705 also has a size that is substantially equal to a 
15 product of the size of the further-reduced image 700 and a miniaturization index (not shown) for 
the second double convex converging lens 610. In accordance with the magnification (or 
miniaturization) equation of Equation 2, the miniaturization index for the second double convex 
converging lens 610 is calculated to be substantially equal to one-fourth (1/4). Thus, the further- 
reduced image 705 generated by the second double convex converging lens 610 has a maximum 
20 height substantially equal to one millimeter and a maximum width substantially equal to two- 
thirds of a millimeter (1mm x 2/3mm). 

The further-reduced image 705 serves as an object for the third double convex 
converging lens 615, which generates a further-reduced image 710. The third double convex 
converging lens 615 preferably is focused on the further-reduced image 705 and is separated 
25 from the further-reduced image 705 by a distance S, which is substantially equal to fifty 
millimeters. Stated somewhat differently, the third double convex converging lens 615 is 
displaced from the second double convex converging lens 610 by a total distance substantially 
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equal to sixty-two and one-half millimeters. As before, a distance T between the third double 
convex converging lens 615 and the further-reduced image 710 is calculated via the general lens 
equation of Equation 1 and is substantially equal to twelve and one-half millimeters. The 
further-reduced image 710 also has a size that is substantially equal to a product of the size of the 
5 further-reduced image 705 and a miniaturization index (not shown) for the third double convex 
converging lens 615. In accordance with the magnification (or miniaturization) equation of 
Equation 2, the miniaturization index for the third double convex converging lens 615 is 
calculated to be substantially equal to one-fourth (1/4). Thus, the further-reduced image 710 
generated by the third double convex converging lens 61 5 has a maximum height substantially 
1 0 equal to one-fourth of a millimeter and a maximum width substantially equal to one-sixth of a 
millimeter (l/4mm x l/6mm). 

In turn, the further-reduced image 710 serves as an object for the fourth double convex 
converging lens 620. The fourth double convex converging lens 620 preferably is focused on the 
further-reduced image 7 1 0 and generates a further-reduced image 715. The fourth double 
1 5 convex converging lens 620 is separated from the further-reduced image 71 0 by a distance U that 
is substantially equal to fifty millimeters. Stated somewhat differently, the fourth double convex 
converging lens 620 is displaced from the third double convex converging lens 6 1 5 by a total 
distance substantially equal to sixty-two and one-half millimeters. A distance V between the 
fourth double convex converging lens 620 and the further-reduced image 715 is calculated via 
20 the general lens equation of Equation 1 and is substantially equal to twelve and one-half 
millimeters. The further-reduced image 715 also has a size that is substantially equal to a 
product of the size of the further-reduced image 710 and a miniaturization index (not shown) for 
the fourth double convex converging lens 620. In accordance with the magnification (or 
miniaturization) equation of Equation 2, the miniaturization index for the fourth double convex 
25 converging lens 620 is calculated to be substantially equal to one- fourth ( 1 1 A). Thus, the further- 
reduced image 715 generated by the fourth double convex converging lens 620 has a maximum 
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height substantially equal to one-sixteenth of a millimeter and a maximum width substantially 
equal to one twenty- fourth of a millimeter (l/16mm x l/24mm). 

The further-reduced image 715 serves as an object for the fifth double convex converging 
lens 625, which generates a further-reduced image 720. The fifth double convex converging lens 
5 625 preferably is focused on the further-reduced image 71 5 and is separated from the further- 
reduced image 715 by a distance W of substantially fifty millimeters. Stated somewhat 
differently, the fifth double convex converging lens 625 is displaced from the fourth double 
convex converging lens 620 by a total distance substantially equal to sixty-two and one-half 
millimeters. A distance X between the fifth double convex converging lens 625 and the further- 
1 0 reduced image 720 is calculated via the general lens equation of Equation 1 as previously 
discussed and is substantially equal to twelve and one-half millimeters. The further-reduced 
image 720 also has a size that is substantially equal to a product of the size of the further-reduced 
image 7 1 5 and a miniaturization index (not shown) for the fifth double convex converging lens 
625. In accordance with the magnification (or miniaturization) equation of Equation 2, the 
1 5 miniaturization index for the fifth double convex converging lens 625 is calculated to be 

substantially equal to one-fourth ( 1 1 A). Thus, the further-reduced image 720 generated by the 
fifth double convex converging lens 625 has a maximum height substantially equal to one sixty- 
fourth of a millimeter and a maximum width substantially equal to one ninety-sixth of a 
millimeter (l/64mm x l/96mm). 
20 Lastly, the sixth double convex converging lens 630 generates the substantially-reduced 

image 60. The sixth double convex converging lens 630 preferably is focused on the further- 
reduced image 720, which serves as an object for the sixth double convex converging lens 630, 
and is separated from the further-reduced image 720 by a distance Y of substantially fifty 
millimeters. Stated somewhat differently, the sixth double convex converging lens 630 is 
25 displaced from the fifth double convex converging lens 625 by a total distance substantially 
equal to sixty-two and one-half millimeters. As before, a distance Z between the sixth double 
convex converging lens 630 and the substantially-reduced image 60 is calculated via the general 
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lens equation of Equation 1 and is substantially equal to twelve and one-half millimeters. The 
size of the substantially-reduced image 60 is substantially equal to a product of the size of the 
further-reduced .mage 720 and a miniaturization index (not shown) for the sixth double convex 
converging lens 630. In accordance with the magnification (or miniaturization) equation of 
Equation 2, the miniaturization index for the sixth double convex converging lens 630 is 
calculated to be substantially equal to one-fourth (1/4). Thus, the substantially-reduced image 60 
generated by the sixth double convex converging lens 630 has a maximum height substantially 
equal to one two hundred and fifty-sixth of a millimeter and a maximum width substantially 
equal to one three hundred and eighty-fourth of a millimeter (l/256mm x l/384mm). Once 
generated, the substantially-reduced image 60 is communicated to the filament 110 substantially 
adjacent to the proximal end region 120 of the fiber optic cable 100. The second stage 600 of the 
inverted microscope objective 220 therefore has a miniaturization index substantially equal to a 
product of the miniaturization indexes for the six double convex converging lenses 605, 610, 
615, 620, 625, and 630, or substantially one four thousand and ninety-sixth (1/4096), and a total 
length, as measured from the further-reduced image 580 to the substantially-reduced image 60, 
of approximately three hundred, seventy-five millimeters (375mm). 

The inverted microscope objective 220 therefore has a total length, as measured from the 
initial image 50 to the substantially-reduced image 60, of approximately five hundred, forty-one 
and two-third millimeters (541 2/3mm) and a total miniaturization index substantially equal to a 
product of the miniaturization indexes for the first stage 500 and the second stage 600 or 
substantially one nine thousand, two hundred, and sixteenth (1/9216). As will be appreciated by 
those skilled in the art, any aberration present on a given lens in the inverted microscope 
objective 220 can be cancelled out, in whole or in part, by any aberration on a next lens 
following the given lens. Such an aberration also can be remedied by the use of a divergence 
lens (not shown). Such a divergence lens preferably has a radius of curvature substantially equal 
to a radius of curvature of the given lens and is substantially axially aligned with the given lens. 
The divergence lens is disposed between the given lens and a lens adjacent to and preceding the 
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given lens. Further, one or more of the lenses in the inverted microscope objective 220 can be 
adjustably mounted such that the distance between consecutive lenses can be increased and/or 
decreased, preferably by up to substantially twenty percent of the distance. For example, the 
adjustable mounting for each lens can comprise one or more individual adjustment screws 
5 associated with a gear-and-track system in a manner that is well-known in the art. Since Figs. 
3 A and 3B provide only one illustrative example of the inverted microscope objective 220, it will 
likewise be recognized that the construction of the inverted microscope objective 220 can be 
altered, as desired, by modifying, for example, the quantity and/or characteristics of one or more 
of the individual lenses and/or the distance between two or more adjacent lenses. By using such 
10 an alternate construction, the overall characteristics of the inverted microscope objective 220, 
such as the total miniaturization index or the total length, also may be changed. 

Returning to Fig. 2, the lens system 210 and/or the inverted microscope objective 220 is 
optically coupled with, and adapted for optical communication with, the filament 1 1 0 
substantially adjacent to the proximal end region 120 of the fiber optic cable 100 via, for 
15 example, an optical coupler 140. The optical coupler 140 can comprise any type of optical 

coupler and is disposed substantially between, and substantially in axial alignment with, the lens 
system 210 and the filament 1 10 substantially adjacent to the proximal end region 120. To 
facilitate optical communication between the lens system 210 and/or the inverted microscope 
objective 220 and the filament 110 substantially adjacent to the proximal end region 120, the 
20 optical coupler 1 40 is adapted to provide the optical signals 70 that comprise the substantially- 
reduced image 60 with a preselected angle of incidence (not shown) upon entry into the filament 
1 10. Preferably, the optical coupler 140 is adjustable such that the preselected angle of incidence 
of the optical signals 70 can include any of a plurality of angles of incidence. The plurality of 
angles of incidence may be adjustable over a continuous range and/or in a plurality of discrete 
25 steps. 

The camera 200 also can include a collimating and focusing system 230 to further 
facilitate optical communication with the filament 1 10. The collimating and focusing system 
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230 can comprise any type of collimating and focusing system and can be separate from, and/or 
substantially integrated with, the optical coupler 140. Generally comprising a system of prisms 
(not shown) for converting dispersive light signals into substantially aligned and substantially 
parallel light signals, such collimating and focusing systems 230, like the optical coupler 140, are 
5 well-known in the art. The collimating and focusing system 230 is disposed substantially 
between, and substantially in axial alignment with, the lens system 210 and/or the inverted 
microscope objective 220 and the optical coupler 140. The collimating and focusing system 230 
has an input (not shown) for receiving the optical signals 70 comprising the substantially- 
reduced image 60 and an output (not shown) for producing and emitting optical signals 20 that 
1 0 are substantially collimated and focused. The input of the collimating and focusing system 230 
is substantially directed toward and focused on the substantially-reduced image 60, and the 
output of the collimating and focusing system 230 is coupled with the optical coupler 140. The 
output of the collimating and focusing system 230 and/or the optical coupler 1 40 can be 
angularly adjustable such that the optical signals 20 are substantially aligned and substantially 
1 5 parallel, entering the filament 1 1 0 substantially adjacent to the proximal end region 1 20 

substantially at a preselected angle of incidence (not shown). The preselected angle of incidence 
is selected such that the optical signals 20 enter the filament 1 10 at an angle of substantially 
forty-five degrees and are reflected internally within the filament 1 1 0. 

By substantially conforming the optical signals 70, the collimating and focusing system 
20 230 is capable of producing and emitting the optical signals 20, comprising the substantially- 
reduced image 60, that pass from the camera 200 to the filament 1 10 of the fiber optic cable 100 
while avoiding any unpredictably and/or undesirable reflection and/or refraction during the 
change in media. Like the optical coupler 140, the collimating and focusing system 230 can be 
adjustable such that the preselected angle of incidence of the optical signals 20 can include any 
25 of a plurality of angles of incidence. The plurality of angles of incidence may be adjustable over 
a continuous range and/or in a plurality of discrete steps. The use of the collimating and 


22 


t 


265/158 
Patent 


focusing system 230 serves to further ensure image quality and enables the optical signals 20 to 
traverse longer fiber optic cables 100 without the need for an optical repeater. 

The display system 300 as shown in Fig. 4 includes a lens system 310 and can comprise 
any type of display system, such as a projector for projecting images on a viewing screen. 
Although any type of display system can be used with the present invention, it will be 
appreciated that the present invention does not require any of the other capabilities and/or 
mechanisms of such display systems other than the lens system 310. The display system 300 is 
directly and/or indirectly coupled with the distal end region 130 of the fiber optic cable 100, and 
the lens system 310 is capable of receiving the optical signals 20 from the lens system 210 
(shown in Fig. 2) of the camera 200 via the filament 1 10 of the fiber optic cable 100. Similarly 
to the lens system 230 of the camera 200, the lens system 310 of the display system 300 is 
optically coupled with, and adapted for optical communication with, the filament 1 10 
substantially adjacent to the distal end region 130 of the fiberoptic cable 100 via, for example, 
an optical coupler 150. Being well-known in the art, the optical coupler 150 can comprise any 
type of optical coupler. The optical coupler 150 is disposed substantially between, and 
substantially in axial alignment with, the lens system 310 and the filament 1 10 substantially 

adjacent to the distal end region 130. 

To align optical communication between the lens system 3 1 0 and the filament 1 10, the 
display system 300 preferably includes a collimatmg and focusing system 330, which can be 
separate from, and/or substantially integrated with, the optical coupler 150. Like the collimatmg 
and focusing system 230 (shown in Fig. 2) of the camera 200, the collimating and focusing 
system 330 is well-known in the art and can comprise any type of collimating and focusing 
system. Used to further ensure image quality, the collimating and focusing system 330 is 
disposed substantially between the optical coupler 150 and the lens system 310 and is 
substantially axially aligned with the lens system 310. The collimating and focusing system 330 
has an input (not shown) for receiving the optical signals 20 comprising the substantially- 
reduced image 60 from the filament 1 10 and an output (not shown) for producing and emitting 
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optical signals 80 that are substantially collimated and focused. The input of the collating and 
focusing system 330 is coupled with the optical coupler 150, and the output is adapted to 
optically communicate the optical signals 80 to the lens system 310. By substantially 
conforming the optical signals 20, the collimating and focusing system 330 produces and emits 
5 the optical signals 80 that pass from the filament 110 of the fiber optic cable 100 to the display 
system 300 while avoiding any unpredictably and/or undesirable reflection and/or refraction 
during the change in media. Since the optical signals 20 emitted from the filament 1 10 can 
exhibit non-linear behavior, the collimating and focusing system 330 preferably has more 
prismatic sophistication than the collimating and focusing system 230 of the camera 200 to 
10 substantially axially align the optical signals 80 with the lens system 310. 

Although any type of lens system can be used, the lens system 310 preferably comprises 
■ : an optical portion of a standard 35mm still projector. For purposes of illustration, the lens 

system 310 has been depicted in Fig. 4 as a single element positive lens; however, it should be 
understood that a multiple element lens system can be used. Upon receiving the optical signals 
1 5 80 that comprise the substantially-reduced image 60, the lens system 3 1 0 is adapted to produce a 
visibly-presentable image 90 from the substantially-reduced image 60. The lens system 310 
further can be adjustable, providing a focusing capability and/or a plurality of demmiaturization 
(or magnification) indexes for visibly presenting the visibly-presentable image 90. The plurality 
of demmiaturization indexes may be adjustable over a continuous range and/or in a plurality of 
discrete steps. The plurality of demmiaturization indexes can prove advantageous when one or 
more of the objects 40 is in motion and/or when it is desirable to modify a size of the visibly- 
presentable image 90, such as by increasing (or decreasing) the visibly-presentable image 90 by 
zooming in (or out). 

The visibly-presentable image 90 can comprise still images and/or moving images. As 
was previously discussed in more detail above, the lens system 210 (shown in Fig. 2) of the 
camera 200 is capable of substantially continuously receiving the light signals 30 from the one or 
more moving and/or still objects 40 and, as a result, is able to substantially continuously update 
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the substantially-reduced image 60. Since the fiber optic cable 1 00 is adapted for continuously 
transmitting the optical signals 20 comprising the substantially-reduced image 60, the display 
system 300 is capable of substantially continuously receiving and deminiaturizing the 
substantially-reduced image 60 as updated. The visibly-presentable image 90 therefore also is 
continuously updated and can be visibly presented in motion. Stated somewhat differently, the 
visibly-presentable image 90 comprises a "real-time" image of the one or more objects 40 
because the optical signals 20 are substantially continuously communicated from the camera 200 
to the display system 300 substantially at the speed of light. 

The lens system 3 1 0 preferably includes a microscope objective 320 for generating a 
restored image 95 from the optical signals 80 that comprise the substantially-reduced image 60. 
The microscope objective 320, which can comprise any type of optical microscope objective that 
is well-known in the art, can be physically separate from the lens system 310, as shown in Fig. 4, 
and/or can be substantially incorporated into the lens system 310. The microscope objective 320 
is disposed substantially between, and substantially in axial alignment with, the filament 110 
substantially adjacent to the distal end region 130 of the fiber optic cable 100 and the lens system 
310. The filament 1 10 substantially adjacent to the distal end region 130 is optically coupled 
with, and in optical communication with, the lens system 310 via the microscope objective 320. 
Using the substantially-reduced image 60 emitted from the filament 1 1 0 as an object, the 
microscope objective 320 is adapted to produce the restored image 95 of the objects 40. The 
20 microscope objective 320 preferably is focused on the substantially-reduced image 60 and is 

separated from the substantially-reduced image 60 by a preselected distance, which preferably is 
substantially equal to twelve and one-half millimeters. To further ensure image quality, the 
microscope objective 320 preferably is positioned such that approximately an entire usable area 
of the microscope objective 320 is Hooded with the substantially-reduced image 60. The 
25 microscope objective 320 can be adjustably positioned within the display system 300 such that a 
distance between the microscope objective 320 and the lens system 310 and/or the filament 1 10 
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substantially adjacent to the distal end region 130 can be modified during, for example, assembly 
and/or use. 

Upon receiving the optical signals 80, the microscope objective 320 is capable of 
deminiaturizing (or magnifying) the optical signals 80 to produce the restored image 95 with a 

5 size. Although the microscope objective 320 can be provided with any deminiaturization (or 

magnification) index, the microscope objective 320 preferably has a deminiaturization index that 
is substantially between one thousand and one million. Thereby, the size of the restored image 
95 can be substantially equal to the size of the initial image 50 that is produced by the lens 
system 210 of the camera 200. For example, when the lens system 210 (shown in Fig. 2) of the 

10 camera 200 comprises a lens system of a standard 35mm still camera and the lens system 310 of 
the display system 300 comprises a lens system of a standard 35mm still projector, the initial 
image 50 and the restored image 95 each preferably have a maximum height of substantially 
thirty-six millimeters and a maximum width of substantially twenty-four millimeters. The 
restored image 95 thereby is sized to flood the lens system 3 1 0 to optimize image quality. To 

1 5 help ensure that the lens system 3 10 is flooded for objects 40 of various sizes, the microscope 
objective 320 can be adjustable, providing a plurality of deminiaturization (or magnification) 
indexes. The plurality of deminiaturization indexes may be adjustable over a continuous range 
and/or in a plurality of discrete steps. The plurality of deminiaturization indexes can prove 
advantageous when one or more of the objects 40 is in motion and/or when it is desirable to 

20 modify a size of the visibly-presentable image 90, such as by increasing (or decreasing) the 
visibly-presentable image 90 by zooming in (or out). 

While the microscope objective 320 can be constructed in any of many different forms. 
Figs. 5A and 5B provide one detailed illustration of the microscope objective 320 when the lens 
system 210 comprises a lens system of a standard 35mm still camera and the lens system 310 

25 comprises a lens system of a standard 35mm still projector. The microscope objective 320 

preferably has a total deminiaturization (or magnification) index (not shown) that is substantially 
equal to an inverse or reciprocal of the total miniaturization index of the inverted microscope 
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objective 220 such that the size of the restored image 95 is substantially equal to the size of the 
initial image 50 produced by the lens system 210. In particular, when the lens system 210 
(shown in Fig. 2) of the camera 200 comprises a lens system of a standard 35mm still camera 
and the lens system 310 (shown in Fig. 4) of the display system 300 comprises a lens system of a 

5 standard 35mm still projector, the initial image 50 and the restored image 95 each preferably 
have a maximum height of substantially thirty-six millimeters and a maximum width of 
substantially twenty-four millimeters (36mm x 24mm). 

The microscope objective 320 is disposed substantially between the lens system 310 of 
the display system 300 and the distal end region 130 of the fiber optic cable 100. The 

10 microscope objective 320 is substantially in axial alignment with, and optically coupled with, the 
lens system 3 10 and the filament 1 10 substantially substantially adjacent to the distal end region 
1 30 of the fiber optic cable 1 00 and preferably includes eight lenses arranged in two stages. As 
shown in Fig. 5A, a first stage 800 of the microscope objective 320 preferably comprises six 
double convex converging lenses 805, 810, 815, 820, 825, and 830 each of which is, like the first 

1 5 stage 800, substantially axially aligned with, and in optical communication with, the filament 
1 10 substantially adjacent to the distal end region 130. The first double convex converging lens 
805 has a focal length (not shown) of substantially ten millimeters and includes an object lens 
surface 835 and an image lens surface 840, each of which preferably has a radius of curvature of 
substantially ten millimeters. Similarly to each lens comprising the microscope objective 320, 

20 the object lens surface 835 of the first double convex converging lens 805 is directed 

substantially toward the substantially-reduced image 60, which serves as an object for the 
microscope objective 320; whereas, the image lens surface 840 is substantially adjacent to an 
expanded image 725 generated by the first double convex converging lens 805. The first double 
convex converging lens 805 is disposed substantially between the filament 1 10 substantially 

25 adjacent to the distal end region 1 30 of the fiber optic cable 1 00 and the second double convex 
converging lens 810. The second double convex converging lens 810 includes an object lens 
surface 845 and an image lens surface 850. The object lens surface 845 and the image lens 
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surface 850 each preferably have a radius of curvature of substantially ten millimeters. The 
second double convex converging lens 810 has a focal length (not shown) of substantially ten 
millimeters and is disposed substantially between the first double convex converging lens 805 
and the third double convex converging lens 815. 
5 Being disposed substantially between the second double convex converging lens 8 1 0 and 

the fourth double convex converging lens 820, the third double convex converging lens 815 has a 
focal length (not shown) of substantially ten millimeters. The third double convex converging 
lens 815 also includes an object lens surface 855 and an image lens surface 860, each of which 
preferably has a radius of curvature of substantially ten millimeters. The fourth double convex 
10 converging lens 820 includes an object lens surface 865 and an image lens surface 870, each of 
which preferably has a radius of curvature of substantially ten millimeters. The fourth double 
convex converging lens 820 has a focal length (not shown) of substantially ten millimeters and is 
disposed substantially between the third double convex converging lens 8 1 5 and the fifth double 
convex converging lens 825. Being disposed substantially between the fourth double convex 
1 5 converging lens 820 and the sixth double convex converging lens 830, the fifth double convex 
converging lens 825 has a focal length (not shown) of substantially ten millimeters. The fifth 
double convex converging lens 825 also includes an object lens surface 875 and an image lens 
surface 880, each of which preferably has a radius of curvature of substantially ten millimeters. 
Lastly, the sixth double convex converging lens 830 has a focal length (not shown) of 
20 substantially ten millimeters and includes an object lens surface 885 and an image lens surface 

890. The object lens surface 885 and the image lens surface 890 each preferably have a radius of 
curvature of substantially ten millimeters, and the sixth double convex converging lens 830 is 
disposed substantially between the fifth double convex converging lens 825 and the first double 
convex converging lens 910 (shown in Fig. 5B) of a second stage 900 of the microscope 
25 objective 320. 

As was previously discussed in more detail above, the substantially-reduced image 60 is 
communicated from the lens system 210 and/or the inverted microscope objective 220 of the 
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camera 200 to the microscope objective 320 of the display system 300 via the filament 110 of the 
fiber optic cable 100. Upon receipt by the display system 300, the substantially-reduced image 
60 serves as an object for the first double convex converging lens 805 of the first stage 800. The 
first double convex converging lens 805 preferably is focused on the substantially-reduced image 
60 and generates the expanded image 725 from the substantially-reduced image 60. The first 
double convex converging lens 805 is adapted to project the expanded image 725 for a distance 
Y' substantially toward the second double convex converging lens 810. When the distance Y' is 
substantially equal to fifty millimeters, a distance T between the first double convex converging 
lens 805 and the substantially-reduced image 60 is calculated to be substantially equal to twelve 
and one-half millimeters via the general lens equation of Equation 1 . The expanded image 725 
also has a size that is substantially equal to a product of the size of the substantially-reduced 
image 60 and a deminiaturization (or magnification) index (not shown) for the first double 
convex converging lens 805. In accordance with the magnification (or miniaturization) equation 
of Equation 2, the deminiaturization index for the first double convex converging lens 805 is 
1 5 calculated to be substantially equal to four (4). Since the substantially-reduced image 60 has a 
maximum height that is substantially equal to one two hundred and fifty-sixth of a millimeter 
and a maximum width that is substantially equal to one three hundred and eighty-fourth of a 
millimeter (l/256mm x l/384mm), the expanded image 725 generated by the first double convex 
converging lens 805 therefore has a maximum height substantially equal to one sixty-fourth of a 
20 millimeter and a maximum width substantially equal to one ninety-sixth of a millimeter (l/64mm 
x l/96mm). 

Similarly, the expanded image 725, in turn, serves as an object for the second double 
convex converging lens 810, which generates a further-expanded image 730. The second double 
convex converging lens 8 1 0 preferably is focused on the expanded image 725 and is adapted to 
25 project the further-expanded image 730 for a distance W toward the third double convex 

converging lens 815. The distance W is substantially equal to fifty millimeters. As with the 
first double convex converging lens 805, the distance X' between the second double convex 
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converging lens 810 and the expanded image 725 is calculated via the general lens equation of 
Equation 1 to be substantially equal to twelve and one-half millimeters. Stated somewhat 
differently, the second double convex converging lens 810 is displaced from the first double 
convex converging lens 805 by a total distance substantially equal to sixty-two and one-half 
5 millimeters. The further-expanded image 730 also has a size that is substantially equal to a 

product of the size of the expanded image 725 and a deminiatunzation (or magnification) index 
(not shown) for the second double convex converging lens 810. The deminiaturization index for 
the second double convex converging lens 810 is calculated to be substantially equal to four (4) 
via the magnification (or miniaturization) equation of Equation 2. Thus, the further-expanded 
10 image 730 generated by the second double convex converging lens 810 has a maximum height 
substantially equal to one sixteenth of a millimeter and a maximum width substantially equal to 
one twenty-fourth of a millimeter (1 /l 6mm x l/24mm). 

The further-expanded image 730 then serves as an object for the third double convex 
converging lens 815. Preferably being focused on the further-expanded image 730, the third 
15 double convex converging lens 815 generates a further-expanded image 735 and is adapted to 
project the further-expanded image 735 for a distance U' of substantially fifty millimeters 
substantially toward the fourth double convex converging lens 820. Applying the general lens 
equation of Equation 1 , a distance V between the third double convex converging lens 8 1 5 and 
the further-expanded image 730 is calculated to be substantially equal to twelve and one-half 
20 millimeters. Stated somewhat differently, the third double convex converging lens 815 is 

displaced from the second double convex converging lens 810 by a total distance substantially 
equal to sixty-two and one-half millimeters. The further-expanded image 735 also has a size that 
is substantially equal to a product of the size of the further-expanded image 730 and a 
deminiaturization (or magnification) index (not shown) for the third double convex converging 
25 lens 815. From the magnification (or miniaturization) equation of Equation 2, the 

deminiaturization index for the third double convex converging lens 815 is calculated to be 
substantially equal to four (4). Thus, the further-expanded image 735 generated by the third 
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double convex converging lens 815 has a maximum height substantially equal to one-fourth of a 
millimeter and a maximum width substantially equal to one-sixth of a millimeter (1 /4mm x 
l/6mm). 

In turn, the further-expanded image 735 serves as an object for the fourth double convex 
converging lens 820, which generates a further-expanded image 740. The fourth double convex 
converging lens 820 preferably is focused on the further-expanded image 735 and is separated 
from the further-expanded image 735 by a distance T' of substantially twelve and one-half 
millimeters. The fourth double convex converging lens 820 preferably is focused on the further- 
expanded image 735 and is adapted to project the further-expanded image 740 for a distance S' 
of substantially fifty millimeters substantially toward the fifth double convex converging lens 
825. The distance T' between the fourth double convex converging lens 820 and the further- 
expanded image 735 is calculated via the general lens equation of Equation 1 and is substantially 
equal to twelve and one-half millimeters. Stated somewhat differently, the fourth double convex 
converging lens 820 is displaced from the third double convex converging lens 8 1 5 by a total 
distance substantially equal to sixty-two and one-half millimeters. The further-expanded image 
740 also has a size that is substantially equal to a product of the size of the further-expanded 
image 735 and a deminiaturization (or magnification) index (not shown) for the fourth double 
convex converging lens 820. In accordance with the magnification (or miniaturization) equation 
of Equation 2, the deminiaturization index for the fourth double convex converging lens 820 is 
calculated to be substantially equal to four (4). Thus, the further-expanded image 740 generated 
by the fourth double convex converging lens 820 has a maximum height substantially equal to 
one millimeter and a maximum width substantially equal to two-thirds of a millimeter (1mm x 
2/3mm). 

The further-expanded image 740 then serves as an object for fifth double convex 
converging lens 825. Preferably being focused on the further-expanded image 740, the fifth 
double convex converging lens 825 generates a further-expanded image 745 and is adapted to 
project the further-expanded image 745 for a distance Q' substantially toward the sixth double 
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convex converging lens 830. When the distance Q' is substantially equal to fifty millimeters, a 
distance R' between the fifth double convex converging lens 825 and the further-expanded 
image 740 is calculated via the general lens equation of Equation 1 to be substantially equal to 
twelve and one-half millimeters. Stated somewhat differently, the fifth double convex 

5 converging lens 825 is displaced from the fourth double convex converging lens 820 by a total 
distance substantially equal to sixty-two and one-half millimeters. The further-expanded image 
745 also has a size that is substantially equal to a product of the size of the further-expanded 
image 740 and a deminiaturization (or magnification) index (not shown) for the fifth double 
convex converging lens 825. The deminiaturization index for the fifth double convex 

10 converging lens 825 is calculated via the magnification (or miniaturization) equation of Equation 
2 to be substantially equal to four (4). Thus, the further-expanded image 745 generated by the 
fifth double convex converging lens 825 has a maximum height substantially equal to four 

: millimeters and a maximum width substantially equal to two and two-third millimeters (4mm x 2 
2/3mm). 

J 5 Lastly, the further-expanded image 745 serves as an object for the sixth double convex 

converging lens 830. Preferably being focused on the further-expanded image 745, the sixth 
double convex converging lens 830 generates a further-expanded image 750 and is adapted to 
project the further-expanded image 750 for a distance N' of substantially fifty millimeters 
substantially toward the first double convex converging lens 910 (shown in Fig. 5B) of the 

20 second stage 900. Applying the general lens equation of Equation 1 , a distance P' between the 
sixth double convex converging lens 830 and the further-expanded image 745 is calculated to be 
substantially equal to twelve and one-half millimeters. Stated somewhat differently, the sixth 
double convex converging lens 830 is displaced from the fifth double convex converging lens 
825 by a total distance substantially equal to sixty-two and one-half millimeters. A size of the 

25 further-expanded image 750 is substantially equal to a product of the size of the further- 
expanded image 745 and a deminiaturization (or magnification) index (not shown) for the sixth 
double convex converging lens 830. In accordance with the magnification (or miniaturization) 
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equation of Equation 2, the deminiaturization index for the sixth double convex converging lens 
830 is calculated to be substantially equal to four (4). Thus, the further-expanded image 750 
generated by the sixth double convex converging lens 830 has a maximum height substantially 
equal to sixteen millimeters and a maximum width substantially equal to ten and two-third 
5 millimeters (16mm x 10 2/3mm). Thus, the first stage 800 of the microscope objective 320 has a 
total deminiaturization (or magnification) index that is substantially equal to a product of the 
deminiaturization indexes for the six double convex converging lenses 805, 810, 815, 820, 825, 
and 830, or substantially four thousand and ninety-six (4096), and a total length, as measured 
from the substantially-reduced image 60 to the further-expanded image 750, of approximately 
1 0 three hundred, seventy-five millimeters (375mm). 

A second stage 900 of the microscope objective 320 is shown in Fig. 5B. The second 
stage 900 preferably comprises two double convex converging-lenses 910, 920, each of which 
are substantially in axial alignment with, and in optical communication with, the six double 
L convex converging lenses 805, 810, 815, 820, 825, and 830 of the first stage 800. The first 

double convex converging lens 910 is disposed substantially between the sixth double convex 
converging lens 830 (shown in Fig. 5A) of the first stage 800 and the second double convex 
converging lens 920 of the second stage 900. The first double convex converging lens 910 has a 
focal length (not shown) of substantially twenty millimeters and includes an object lens surface 
930 and an image lens surface 940, each of which preferably has a radius of curvature of 
substantially twenty millimeters. The second double convex converging lens 920 has a focal 
length (not shown) of substantially twenty millimeters and includes an object lens surface 950 
and an image lens surface 960. The object lens surface 950 and the image lens surface 960 each 
preferably have a radius of curvature of substantially twenty millimeters, and the second double 
convex converging lens 920 is disposed substantially between the first double convex converging 
25 lens 910 and the lens system 310 of the display system 300. 

The further-expanded image 750 generated by the sixth double convex converging lens 
830 (shown in Fig. 5 A) serves as an object for the first double convex converging lens 910 of the 
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second stage 900. The first double convex converging lens 910 of the second stage 900 
preferably is focused on the further-expanded image 750 and generates a further-expanded image 
760 from the further-expanded image 750. The first double convex converging lens 910 is 
adapted to project the further-expanded image 760 for a distance C substantially toward the 
5 second double convex converging lens 910. When the distance C is substantially equal to fifty 
millimeters, a distance D' between the first double convex converging lens 910 and the further- 
expanded image 750 is calculated via the general lens equation of Equation 1 to be substantially 
equal to thirty-three and one-third millimeters. Stated somewhat differently, the first double 
convex converging lens 910 of the second stage 900 is displaced from the sixth double convex 
10 converging lens 830 (shown in Fig. 5A) of the first stage 800 by a total distance substantially 
equal to eighty-three and one-third millimeters. The further-expanded image 760 also has a size 
that is substantially equal to a product of the size of the further-expanded image 750 and a 
deminiatunzation (or magnification) index (not shown) for the first double convex converging 
lens 910. In accordance with the magnification (or miniaturization) equation of Equation 2, the 
1 5 deminiaturization (or magnification) index for the first double convex converging lens 9 1 0 is 
calculated to be substantially equal to three halves (3/2). Thus, the further-expanded image 760 
generated by the first double convex converging lens 910 has a maximum height substantially 
equal to twenty-four millimeters and a maximum width substantially equal to sixteen millimeters 
(24mm x 16mm). 

20 Similarly, the further-expanded image 760 serves as an object for the second double 

convex converging lens 920. Preferably being focused on the further-expanded image 760, the 
second double convex converging lens 920 generates the restored image 95 and is adapted to 
project the restored image 95 for a distance A' substantially toward the lens system 310 of the 
display system 300. The distance A' is substantially equal to fifty millimeters. Applying the 

25 general lens equation of Equation 1, a distance B' between the second double convex converging 
lens 920 and the further-expanded image 760 is calculated to be substantially equal to thirty- 
three and one-third millimeters. Stated somewhat differently, the second double convex 
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converging lens 920 is displaced from the first double convex converging lens 910 by a total 
distance substantially equal to eighty-three and one-third millimeters. The restored image 95 
also has a size that is substantially equal to a product of the size of the further-expanded image 
760 and a deminiaturization (or magnification) index (not shown) for the second double convex 
5 converging lens 920. The deminiaturization index for the second double convex converging lens 
920 is calculated to be substantially equal to three halves (3/2) from the magnification (or 
miniaturization) equation of Equation 2. As a result, the restored image 95 generated by the 
second double convex converging lens 920 has a maximum height substantially equal to thirty- 
six millimeters and a maximum width substantially equal to twenty-four millimeters (36mm x 
10 24mm), which is substantially equal to the size of the initial image 50. Thus, the second stage 
900 of the microscope objective 320 has a total deminiaturization (or magnification) index that is 
substantially equal to a product of the miniaturization indexes for the first double convex 
converging lens 910 and the second double convex converging lens 920, or substantially nine 
fourths (9/4) and a total length, as measured from the further-expanded image 750 to the restored 
15 image 95, of approximately one hundred, sixty-six and two-third millimeters (166 2/3mm). 

The microscope objective 320 as illustrated in Figs. 5A and 5B therefore has a total 
length, as measured from the substantially-reduced image 60 to the restored image 95, of 
approximately five hundred, forty-one and two-third millimeters (541 2/3mm). A total 
deminiatunzation (or magnification) index of the rmcroscope objective 320 is substantially equal 
20 to a product of the deminiaturization indexes for the first stage 800 and the second stage 900 or 
substantially nine thousand, two hundred, and sixteen (9216). As will be appreciated by those 
skilled in the art, any aberration present on a given lens in the microscope objective 320 can be 
cancelled out, in whole or in part, by any aberration on a lens adjacent to and succeeding the 
given lens. Such an aberration also can be remedied by the use of a divergence lens (not shown). 
25 Such a divergence lens preferably has a radius of curvature substantially equal to a radius of 
curvature of the given lens and is substantially axially aligned with the given lens. The 
divergence lens is disposed between the given lens and a lens adjacent to and preceding the given 
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lens. Further, one or more of the lenses in the microscope objective 320 can be adjustably 
mounted such that the distance between consecutive lenses can be increased and/or decreased, 
preferably by up to substantially twenty percent of the distance. For example, the adjustable 
mounting for each lens can comprise one or more individual adjustment screws associated with a 
5 gear-and-track system in a manner that is well-known in the art. Since Figs. 5A and 5B provide 
only one illustrative example of the microscope objective 320, it will likewise be recognized that 
the construction of the microscope objective 320 can be altered, as desired, by modifying, for 
example, the quantity and/or characteristics of one or more of the individual lenses and/or the 
distance between two or more adjacent lenses. By using such an alternate construction, the 
10 overall characteristics of the microscope objective 320, such as the total deminiaturization index 
or the total length, also may be changed. 

Returning to Fig. 4, the display system 300 further is adapted to visibly present the 
visibly-presentable image 90. For example, the display system 300 can comprise a projector 340 
and a viewing screen 350 as shown in Fig. 4. In this embodiment, the lens system 310 preferably 
15 comprises a projection lens system 360 for resizing the restored image 95 and for projecting the 
visibly-presentable image 90 on the viewing screen 350. The projection lens system 360 can be 
physically separate from the lens system 3 1 0 and/or can be substantially incorporated into the 
lens system 310, as shown in Fig. 4. For purposes of illustration, the projection lens system 360 
has been depicted as a single element positive lens; however, it should be understood that a 
20 multiple element lens system can be used. Being disposed substantially between the filament 
110 substantially adjacent to the distal end region 130 of the fiber optic cable 100 and the 
viewing screen 350, the projection lens system 360 is adapted to be in optical communication 
with the microscope objective 320 such that the restored image 95 generated by the microscope 
objective 320 is optically communicated to the projection lens system 360. Upon being 
25 generated by the microscope objective 320, the restored image 95 serves as an object for the 

projection lens system 360. The projection lens system 360 preferably is focused on the restored 
image 95 and generates the visibly-presentable image 90 from the restored image 95. 
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Being directed substantially toward the viewing screen 350, the projection lens system 
360 projects the restored image 95 onto a viewing screen 350. The viewing screen 350 can be 
separate from and/or substantially integral with the display system 300 and can comprise any 
type of viewing screen. The viewing screen 350 preferably is substantially in axial alignment 
5 with the projection lens system 360 and is disposed substantially at a predetermined distance 
from the projection lens system 360. Although the viewing screen 350 can be movable relative 
to the projection lens system 360, the projection lens system 360 has an adjustable focal length 
and/or is capable of adjusting the focus and/or a size of the visibly-presentable image 90 as 
presented on the viewing screen 350. The projection lens system 360 further can be adapted to 

10 increase (or decrease) the size of the visibly-presentable image 90 by, for example, zooming in 
(or out). Thereby, the size of the visibly-presentable image 90 can be greater than, less than, or 
substantially equal to the size of the restored image 95. 

The projector 340 is capable of projecting the visibly-presentable image 90 onto the 
viewing screen 350 under certain circumstances, such as when the predetermined distance 

1 5 between the viewing screen 350 and the projector 340 is small and/or when ambient light 
conditions surrounding the display system 300 are low. However, with, for example, larger 
predetermined distances and/or high ambient light conditions, an illumination system (not 
shown) can be included in the projector 340 to momentarily and/or continuously enhance the 
visibly-presentable image 90 as projected onto the viewing screen 350. Like the source of 

20 illumination for the camera 200, the illumination system also can be adapted to operate without a 
power source. For example, such a illumination system can comprise a system, such as a mirror, 
for redirecting light from another natural and/or artificial source, external to the projector 340, 
and substantially toward the viewing screen 350. Alternatively, or in conjunction with an 
unpowered illumination system, the illumination system can comprise an incandescent or 

25 halogen lightbulb, a floodlight, and/or any other type of illumination or lighting source. To 

facilitate the enhancement of the visibly-presentable image 90, the illumination system can be 
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integral to, and/or separate or separable from, the display system 300 and/or the system 10 
(shown in Fig. 1). 

Alternatively, Fig. 6 provides another embodiment of the display system 300 for more 
directly viewing the visibly-presentable image 90. In this embodiment, the lens system 310 

5 preferably comprises an exposed projection lens system 410 that is adapted to visibly present the 
visibly-presentable image 90 after resizing the restored image 95. The projection lens system 
410 can be physically separate from the lens system 310 and/or can be substantially incorporated 
into the lens system 310, as shown in Fig. 6. For purposes of illustration, the projection lens 
system 410 has been depicted as a single element positive lens; however, it should be understood 

10 that a multiple element lens system can be used. The projection lens system 410 is adapted to be 
in optical communication with the microscope objective 320. The restored image 95 generated 
by the microscope objective 320 is optically communicated to the projection lens system 410 and 
serves as an object for the projection lens system 410. Preferably being focused on the restored 
image 95, the projection lens system 4 1 0 is adapted to generate the visibly-presentable image 90 

1 5 from the restored image 95 and to visibly present the visibly-presentable image 90. 

The display system 300 preferably is substantially enclosed within the housing 400. An 
opening 420 for exposing the lens system 310 is formed in the housing 400. The projection lens 
system 41 0 can be substantially disposed within the opening 41 0 as shown in Fig. 6, extend 
outside of the housing 400, and/or recessed inside the housing 400. Since the opening 420 is 

20 substantially in axial alignment with the lens system 310, the visibly-presentable image 90 can 
be viewed more directly by looking through the opening 420 and substantially toward an image 
surface 430 of the projection lens system 410. To facilitate viewing of the visibly-presentable 
image 90, the housing 400 may include one or more light shields 440 substantially adjacent to 
the image surface 430 and/or a translucent viewing screen 450, such as a recticle, can be placed 

25 within or adjacent to the opening 420. The translucent viewing screen 450 is substantially 
axially aligned with the projection lens system 410 and is disposed substantially at a 
predetermined distance from the projection lens system 410. The translucent viewing screen 450 
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also can be substantially disposed within the opening 420 as shown in Fig. 6 and/or positioned 
ins,de or outs.de the housing 400. Although the translucent viewing screen 450 can be movable 
relative to the projection lens system 410, the projection lens system 410 has an adjustable focal 
length and/or is capable of adjusting the focus and/or a size ofthe visibly-presentable image 90 
as presented on the translucent viewing screen 450. The projection lens system 410 further can 
be adapted to increase (or decrease) the size ofthe visibly-presentable image 90 by, for example, 
zooming in (or out). The size ofthe visibly-presentable image 90 therefore can be greater than, 
less than, or substantially equal to the size ofthe restored image 95. Alternatively, the display 
system 300 can comprise any type of display system, such as a video monitor and/or a liquid 
crystal diode display, and can be coupled with the projection lens system 410 of the display 
system 300 and adapted to visibly present the visibly-presentable image 90 through the use of, 

for example, a video camera. 

In operation, a lens system 210 of a camera 200 for a system 10 for transmitting images, 
returning to Fig. 2, is adjustably directed and/or redirected substantially toward one or more 
objects 40 to be captured and/or viewed. The objects 40, which can include still and/or moving 
objects, are illuminated with natural and/or artificial light, some of which may be provided by a 
source of illumination (not shown) associated with the camera 200 and/or the system 10. The 
objects 40 reflect and/or otherwise emit natural and/or artificial light signals 30, and some ofthe 
light signals 30 are directed substantially toward, and are received by, the lens system 210 ofthe 
camera 200. Upon receipt ofthe light signals 30, the lens system 210 can focus and/or zoom in 
(or out) on one or more ofthe objects 40 and produces a substantially-reduced image 60 ofthe 
objects 40, preferably via separate and/or substantially integrated inverted microscope objective 
220. 

To optimize image quality, the lens system 210 generates an initial image 50 ofthe 
objects 40 and communicates the initial image 50 to the inverted microscope objective 220, 
preferably increasing and/or decreasing a size ofthe initial image 50 such that the initial image 
50 substantially spans an entire usable area ofthe inverted microscope objective 220. The lens 
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system 210 can have a magnification and/or miniaturization index that is adjustable to help 
ensure that the entire usable area of the inverted microscope objective 220 is substantially 
spanned by the initial image 50. Upon receiving the initial image 50 from the lens system 210, 
the inverted microscope objective 220 focuses on the initial image 50, which serves as an object 
for the inverted microscope objective 220. The inverted microscope objective 220 then further 
intensifies the initial image 50 to produce optical signals 70 comprising the substantially-reduced 
image 60. The substantially-reduced image 60 comprises an entire image of the objects 40 and is 
intensified such that the substantially-reduced image 60 has a size that is substantially between 
one-thousandth and one-millionth of the size of the initial image 50. Substantially continuously 
receiving the light signals 30 from the one or more moving and/or still objects 40, the lens 
system 210 substantially continuously updates the substantially-reduced image 60 such that the 
substantially-reduced image 60 appears in motion. 

The optical signals 20 comprising the substantially-reduced image 60 in its entirety are 
communicated in real-time from the camera 200 to a display system 300 (shown in Fig. 1) via a 
filament 1 10 of a fiber optic cable 100. When the camera 200 is coupled with a proximal end 
region 120 of the fiber optic cable 100, the lens system 210 and/or the inverted microscope 
objective 220 is directly and/or indirectly optically coupled with, and in optical communication 
with, the filament 110 substantially adjacent to the proximal end region 120. For example, once 
generated, the optical signals 70 comprising the substantially-reduced image 60 can be optically 
communicated to a collimating and focusing system 230, which optically couples the lens system 
and/or the inverted microscope objective 220 with the filament 110 substantially adjacent to the 
proximal end region 120. Upon receiving the optical signals 70, the collimating and focusing 
system 230, using a system of prisms (not shown), converts the substantially dispersive optical 
signals 70 into the substantially aligned and substantially parallel optical signals 20. The optical 
signals 20 then can be communicated to an optical coupler 140. The optical coupler 140 
optically couples the collimating and focusing system 230 with the filament 1 10 substantially 
adjacent to the proximal end region 120. Upon receipt of the optical signals 20, the optical 
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pier 140 determines a preselected angle of incidence (not shown) of the optical signals 20 
upon entering the filament 110 substantially adjacent to the proximal end region 120. The angle 
of incidence is determined in accordance with Snell's law: 

nisintf. =msm0i Equation 3 

5 where n, and n 2 are the index of refraction for a first material and a second material, respectively. 
6, is the angle of incidence of light travelling through the first material toward the second 
material, and 9 2 is the angle of refraction of the light as the light enters the second material. In 
accordance with Equation 3, the angle of incidence of the optical signals 20 upon entering the 
filament 1 10 may be adjusted via the collimating and focusing system 230 and/or the optical 

10 coupler 140 such that the optical signals 20 are reflected internally by the clad 1 1 5 surrounding 
the filament 1 10. To achieve internal reflections within the filament 110, the preselected angle 
of incidence is selected such that the optical signals 20 enter the filament 110 substantially 
adjacent to the proximal end region 120 at an angle of substantially forty-five degrees. 

Upon entering the filament 1 1 0, the optical signals 20 are refracted in accordance with 

15 Equation 3 based in part upon the index of refraction of a material forming the filament 110. 
The optical signals 20 also may be subjected to a non-linear phenomenon upon entering the 
filament 1 10 and coming into contact with a core 116 and the clad 1 15 of the filament 110. The 
non-linear phenomenon can occur because the optical signals 20 comprising the substantially- 
reduced image 60 have certain qualities, such as high energy and/or high density, as a result of 

20 being highly intensified by the lens system 210 of the camera 200. When the optical signals 20 
contact the core 1 16 and the clad 115 of the filament 110, highly-excited particles (not shown) 
are produced. Although the optical signals 20 travel through the filament 100 at a velocity 
limited by the speed of light, it is believed that the highly-excited particles are capable of moving 
at velocities exceeding the speed of fight in accordance with the theory underlying Brownian 

25 motion. The highly-excited particles are capable of forming one or more waves (not shown) that 
can have a feedforward effect inside the filament 1 10 and create motions of non-dispersive light, 
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comprising a plurality of velocities each having an altered wavelength. The plurality of 
velocities form a plurality of signals that fold back into one another, forming a complex wave 
(not shown) of a fractal type. The complex wave behaves substantially in accordance with the 
equation: 

5 Z 2 +C = *someE Equation 4 

where Z is a complex function that includes energy and density, C is a complex number, and 
*some E is a variation of energy that grows and feedsback into the complex function Z. The 
application of Equation 4 can depend upon several factors, such as the miniaturization index of 
the lens system 210 and/or the inverted microscope objective 220, the core diameter M (shown in 

10 Fig. 1) of the filament 1 10, and/or the angle of incidence of the optical signals 20 into the 

filament 1 1 0. The complex wave can comprise a plurality of fractal texture colors that represents 
or imbues a color content of the initial image 50. Stated somewhat differently, the complex 
wave comprises the initial image 50 and can be deminiaturized to reestablish the initial image 50. 
In contrast to the traditional understanding in the art, no separation of carrier and signal exists in 

15 the complex wave. The carrier and the signal substantially become a single entity. 

The non-linear phenomenon also can be influenced by a dispersion within the filament 
1 10 of the fiber optic cable 100. Dispersion in general is defined to be a temporal spreading of a 
light signal within an optical waveguide. Applied to the present invention, the dispersion of the 
optical signals 20 within the filament 1 10 is substantially in proportion to a non-linear refractive 

20 index of the filament 1 1 0 and becomes substantially sequential and/or repetitive continuously as 
the highly-excited particles encounter the non-linear refractive index of the filament 1 10. A 
natural tendency for the optical signals 20 to disperse is, in whole or in part, compensated for by 
the intensity of the highly-excited particles and/or by a ratio of a core diameter M to a length L 
(shown in Fig. 1 ) of the fiber optic cable 100. Further, depending upon the length L of the fiber 

25 optic cable 1 00, the optical signals 20 can be received, amplified, and re-transmitted by one or 
more optical repeaters (not shown), as needed, to enhance the optical signals 20 and/or to 
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preserve image quality as the optical signals 20 travel from the camera 200 to the display system 

300 as shown in Fig. 4. 

The display system 300 is coupled with a distal end region 130 of the fiberoptic cable 
100. The display system 300 includes a lens system 310 that is directly and/or indirectly 
optically coupled with, and in optical communication with, the filament 1 10 substantially 
adjacent to the distal end region 130 of the fiber optic cable 100. For example, the filament 110 
substantially adjacent to the distal end region 130 can be indirectly coupled with the lens system 
310 via an optical coupler 150. Upon arrival at the display system 300, the optical signals 20 
comprising the substantially-reduced image 60 travel from the filament 1 10 substantially 
adjacent to the distal end region 130 to the optical coupler 150. The optical coupler 150 receives 
the optical signals 20 and conforms the optical signals 20 during a change in medium from the 
filament 1 1 0 to the lens system 3 1 0. The optical signals 20 can be further conformed by a 
collimating and focusing system 330. The collimating and focusing system 330 preferably is 
disposed between the lens system 310 and the optical coupler 1 50 and/or the filament 110 
1 5 substantially adjacent to the distal end region 1 30. Upon receiving the optical signals 20, the 
collimating and focusing system 330 produces optical signals 80 that are substantially aligned 
and focused on the lens system 310 of the display system 300. Since the optical signals 20 
emitted from the filament 1 1 0 can exhibit non-linear behavior, the collimating and focusing 
system 330 preferably has more prismatic sophistication than the collimating and focusing 
20 system 230 of the camera 200 to substantially axially align the optical signals 80 with the lens 
system 310. The additional prismatic sophistication can comprise, for example, approximately 
two or three additional prisms. 

The use of the collimating and focusing system 330 with additional prismatic 
sophistication can prove advantageous due to the formation of the complex wave within the 
25 filament 1 1 0 during transmission of the optical signals 20 comprising the substantially-reduced 
image 60. Since it is believed that the highly-excited particles produced by the optical signals 20 
in the filament 1 10 are capable of moving at velocities that exceed the speed of light, the 
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complex wave formed by the complex particles can arrive at the distal end region 1 30 of the 
fiber optic cable 100, and therefore possibly the lens system 310, before the optical signals 20. If 
the complex wave therefore is permitted to be optically communicated to the lens system 310, 
the lens system 310 will magnify the complex wave but may not be able to locate the 

5 substantially-reduced image 60 at that time because the optical signals 20 travel at a slower 
velocity than the complex wave. However, the complex wave, although confined while 
travelling within the filament 110, substantially disperses upon being emitted by the filament 1 10 
substantially adjacent to the distal end region 130 and is not received by the collimating and 
focusing system 330. Not being obscured by the complex wave, the substantially-reduced image 

10 60 is received in its original form by the collimating and focusing system 330, which converts 
the optical signals 20 into the substantially parallel and substantially optically aligned optical 
signals 80. 

Once communicated to the lens system 3 1 0, the optical signals 80 serve as an object for 
the lens system 3 1 0 and are deminiaturized to produce a visibly-presentable image 90 from the 

1 5 substantially-reduced image 60. The lens system 3 1 0 preferably produces the visibly-presentable 
image 90 via a separate and/or substantially integrated microscope objective 320. To optimize 
image quality, the microscope objective 320 generates a restored image 95 of the objects 40. 
The restored image 95 preferably has a size that is substantially between one thousand and one 
million times of the size of the substantially-reduced image 60 such that the size of the restored 

20 image 95 is substantially equal to the size of the initial image 50 produced by the lens system 

210 of the camera 200. The microscope objective 320 then communicates the restored image 95 
to the lens system 310. The restored image 95 preferably substantially spans an entire usable 
area of the lens system 310 for improved resolution of the visibly-presentable image 90 
generated by the lens system 310. The microscope objective 320 can have a deminiaturization 

25 (or magnification) index that is adjustable to help ensure that the entire usable area of the lens 
system 310 is substantially spanned by the restored image 95. The restored image 95 generated 
by the microscope objective 320 and the visibly-presentable image 90 each comprise an entire 


44 


265/158 
Patent 


image of the objects 40. Since the lens system 210 of the camera 200 substantially continuously 
updates the substantially-reduced image 60, the restored image 95 generated by the microscope 
objective 320 and the visibly-presentable image 90 generated by the lens system 310 of the 
display system 300 also are substantially continuously updated in real-time. As a result, the 
5 restored image 95 and the visibly-presentable image 90 each can appear in motion. 

Upon generating the visibly-presentable image 90, the lens system 310 visibly presents 
the visibly-presentable image 90. For example, the lens system 310 can comprise a projection 
lens system 360 for projecting the visibly-presentable image 90 on a viewing screen 350 as 
shown in Fig. 4. By using the restored image 95 as an object, the projection lens system 360 
1 0 generates the enlarged object 90 and projects the enlarged object 90 by a predetermined distance 
substantially toward the viewing screen 350. The visibly-presentable image 90 thereby is visibly 
presented and can be viewed on the viewing screen 350. To permit the viewing screen 350 to be 
positionable as desired, the lens system 310 is adjustable. The lens system 310 can focus the 
visibly-presentable image 90 on the viewing screen 350 and/or can increase (or decrease) a size 
1 5 of the visibly-presentable image 90 by, for example, zooming in (or out) on a relevant portion of 
the visibly-presentable image 90. An illumination system (not shown) within the display system 
300 can be activated to further enhance the visibly-presentable image 90 as necessary. 

An alternative embodiment of the display system 300 is illustrated in Fig. 6. In this 
embodiment, the visibly-presentable image 90 can be viewed more directly by looking 
20 substantially toward the lens system 310. The lens system 310 preferably comprises an exposed 
projection lens system 410 that generates the visibly-presentable image 90 from the restored 
image 95 and visibly presents the visibly-presentable image 90. Using the restored image 95 as 
an object, the projection lens 410 generates the visibly-presentable image 90 and projects the 
visibly-presentable image 90 from an image surface 430. The visibly-presentable image 90 is 
25 visibly presented and can be viewed by looking substantially toward the image surface 430 of the 
projection lens system 410. The visible presentation of the visibly-presentable image 90 is 
facilitated by when the projection lens system 410 is adjustable. The projection lens system 410 
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can focus the visibly-presentable image 90 and/or can increase (or decrease) a size of the visibly- 
presentable image 90 by, for example, zooming in (or out) on a relevant portion of the visibly- 
presentable image 90. To further facilitate the visibly presentation of the visibly-presentable 
image 90, one or more light shields 440 and/or a translucent viewing screen 450, such as a 
5 recticle, can be provided adjacent to the image surface 430 of the projection lens 410. 

Those skilled in the art further will appreciate that the system 1000 of the present 
invention can be adapted to include a fiber optic cable 1 1 00, one or more cameras 1 200, and one 
or more display systems 1 300 as shown in Fig. 7. As more fully described above, the fiber optic 
cable 1 1 00 can comprise any type of fiber optic cable that is well-known in the art. The fiber 
1 0 optic cable 1 1 00 has one or more filaments 1 1 1 0 for transmitting optical signals 20 (shown in 
Fig. 2) and proximal and distal opposite end regions 1 120, 1 130. Any additional filaments may 
be unused and/or employed to transmit other optical signals, such as transmitting (e.g. redundant) 
images from one of the cameras 1 200 to a plurality of display systems 1 300. 

To facilitate substantially simultaneous communication of a plurality of modes and/or 
15 rays of light through the filament 1110, the fiber optic cable 1 100 preferably is of a "multimode" 
type. In such a "multimode" type of fiber optic cable 1 1 00, each filament 1110 that is used to 
transmit images has a core diameter M (shown in Fig. 1 ) that is larger than a core diameter in a 
"single mode" type of fiber optic cable to avoid excess heat being dissipated inside the filament 
1110 when the optical signals 20 (shown in Fig. 2) have certain qualities such as high energy 
20 and/or high density. The "multimode" type of fiber optic cable 1 1 00 preferably has a fiber size 
of 200/250, where the first number represents the core diameter M in microns and the second 
number represents a diameter of a clad 115 (shown in Fig. 2) around the core in microns. 
However, it will be appreciated that the filament 1 1 10 of the fiber optic cable 1 100 can comprise 
any commercially-available fiber size, such as 62.5/125, 50/125, 100/140, or 1 10/125, for 
25 example, as heat dissipation becomes less of a consideration and/or by varying the chemistry of 
the material, such as plastic or glass, used to form the core. As necessary, one or more optical 
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repeaters (not shown) for receiving, amplifying, and re-transmitting the optical signals 20 may be 
coupled with, and in optical communication with, one or more of the filaments 1110. 

The one or more cameras 1 200 each can comprise any type of camera as more fully 
described above and illustrated in Fig. 2. Each of the cameras 1200 has a lens system 1210 and 

5 is coupled with either the proximal end region 1 1 20 or the distal end region 1 1 30 of the fiber 
optic cable 1 100. The lens system 1210 for each of the cameras 1200 can comprise any type of 
lens system and is adapted for receiving light signals 30 (shown in Fig. 1) from one or more still 
and/or moving objects 40 (shown in Fig. 2). For purposes of illustration, each of the lens 
systems 1210 as shown in Fig. 7 has been depicted as a single element positive lens; however, it 

1 0 should be understood that a multiple element lens system can be used. The lens system 1 2 1 0 is 
adapted to produce a substantially-reduced image 60 (shown in Fig. 2) of the objects 40 and is 
adjustable to, for example, focus and/or zoom in (or out) on one or more of the objects 40. The 
lens system 1 2 1 0 is optically coupled with at least one of the one or more filaments 1110. To 
facilitate optical coupling, the lens system 1 2 1 0 of each camera 1 200 is substantially in axial 

1 5 alignment with the one or more relevant filaments 1 1 1 0 to provide a substantially direct optical 
path for the light signals travel from the lens system 1 210 to the one or more relevant filaments 
1110. The lens system 1210 of each camera 1200 can be coupled with the one or more relevant 
filaments 1 1 1 0 via an optical coupler (not shown ) and/or a collimating and focusing system 
1230. 

20 As more fully described above, the lens system 1210 of each camera 1200 preferably 

further includes an inverted microscope objective 1220. The inverted microscope objective 1220 
can be physically separate from the lens system 1210, as shown in Fig. 7, and/or can be 
substantially incorporated into the lens system 1210. Each lens system 1210 is optically coupled 
with the one or more relevant filaments 1 1 10 via the inverted microscope objective 1220 such 

25 that an initial image 50 (shown in Fig. 2) of the objects 40 generated by each lens system 1210 is 
optically communicated to the inverted microscope objective 1220. To optimize image quality, 
each inverted microscope objective 1220 is substantially axially aligned with the associated lens 
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system 1210 and is adjustably disposed substantially a predetermined distance from the 
associated lens system 1210. Although each element in this embodiment of the present invention 
is described as being substantially axially aligned, the elements preferably are precisely in axial 
alignment. For each camera 1200, the predetermined distance is selected such that the inverted 
5 microscope objective 1320 is focused on the initial image 50 generated by the lens system 1210. 
Using the initial image 50 as an object, each inverted microscope objective 1 220 is adapted to 
further intensify the initial image 50, producing the substantially-reduced image 60 that has a 
size that is substantially between one-thousandth and one-millionth of a size of the initial image 
50. Each inverted microscope objective 1220 is capable of optically communicating the optical 

1 0 signals 20 that comprise the substantially-reduced image 60 to the one or more relevant filaments 
1 1 10 of the fiber optic cable 1 100. 

The one or more display systems 1 300 each can comprise any type of display system as 
more fully described above and illustrated in Figs. 4 and 6, and each of the display systems 1300 
are coupled with either the proximal end region 1 120 or the distal end region 1 130 of the fiber 

15 optic cable 1 100. Each of the display systems 1300 has a lens system 1310 for receiving the 
optical signals 20 comprising the substantially-reduced image 60 from the lens system 1210 of 
one or more relevant cameras 1200 and for generating a visibly-presentable image 90 (shown in 
Fig. 4) from the substantially-reduced image 60. For purposes of illustration, each lens system 
1310 in Fig. 7 has been depicted as a single element positive lens; however, it should be 

20 understood that a multiple element lens system can be used. The lens system 1310 for each 

display system 1300 is optically coupled with, and adapted for optical communication with, the 
lens system 1210 of the one or more relevant cameras 1200 via the one or more relevant 
filaments 1 1 1 0 of the fiber optic cable 1 1 00. To facilitate optical coupling, the lens system 1310 
of each display system 1300 and the one or more relevant filaments 1 1 10 preferably are 

25 substantially in axial alignment to provide a substantially direct optical path for the optical 

signals 20. The lens system 1310 of each display system 1300 can be coupled with the one or 
more relevant filaments 1 1 10 via an optical coupler and/or a collimating and focusing system 
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1330. As more fully described above, each of the display systems further is adapted to visibly 
present the visibly-presentable image 90. The display systems 1 300 each can comprise any type 
of display system, such as, for example, a projector 340 for displaying the visibly-presentable 
image 90 on a viewing screen 350 as shown in Fig. 4 and/or a display system for more directly 

5 viewing the visibly-presentable image 90 as shown in Fig. 6. 

The lens system 1310 of each display system 1300 preferably further includes a 
microscope objective 1320 as more fully described above. The microscope objective 1320 can 
be physically separate from the lens system 1310, as shown in Fig. 7, and/or can be substantially 
incorporated into the lens system 1310. Each lens system 1310 is optically coupled with the one 

10 or more relevant filaments 1 1 10 via the microscope objective 1320 such that the substantially- 
reduced image 60 emitted by the relevant filaments 1 1 1 0 is optically communicated to the 
microscope objective 1320. To optimize image quality, each microscope objective 1320 is 
substantially axially aligned with the relevant filaments 1110 and/or the associated lens system 
1 3 1 0 and is adjustably disposed substantially a predetermined distance from the relevant 

15 filaments 1110. For each display system 1300, the predetermined distance is selected such that 
the microscope objective 1 320 is focused on the substantially-reduced image 60 emitted by the 
relevant filaments 1110. Using the substantially-reduced image 60 as an object, each microscope 
objective 1 320 is adapted to deminiaturize the substantially-reduced image 60, producing a 
restored image 95 (shown in Fig. 4) that has a size that is substantially between one thousand and 

20 one million times the size of the substantially-reduced image 60. Each microscope objective 

1320 is capable of optically communicating the restored image 95 to the lens system 1310 of the 
display system 1300 for use as an object by the lens system 1310 for generating and/or visibly 
displaying the expanded image 90. 

In operation, the lens system 1210 of one or more cameras 1200 of the system 1000 for 

25 transmitting images each is directed substantially toward one or more still and/or moving objects 
40 (shown in Fig. 2) to be captured and/or viewed as more fully described above. Each lens 
system 1210 can be substantially directed toward objects 40 that are substantially the same as 
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and/or different from the objects 40 toward which the lens system 1210 for each of the other 
cameras 1200 are substantially directed. Some of light signals 30 (shown in Fig. 2) that are 
reflected and/or emitted by the objects 40 are directed substantially toward, and received by, the 
lens system 1210 of one or more relevant cameras 1200. Upon receipt of the light signals, the 
5 lens system 1210 for each of the relevant cameras 1200 can independently and/or jointly focus 
and/or zoom in (or out) on the objects 40 and produces a substantially-reduced image 60 of the 
objects 40. The substantially-reduced image 60 preferably is produced via separate and/or 
substantially integrated inverted microscope objective 1220. To optimize image quality, each 
lens system 1210 generates an initial image 50 (shown in Fig. 2) of the objects 40 and 

1 0 communicates the initial image 50 to the inverted microscope objective 1 220, preferably 
increasing and/or decreasing a size of the initial image 50 such that the initial image 50 
substantially spans an entire usable area of the inverted microscope objective 1220. Each lens 
system 1210 has a magnification and/or miniaturization index that is adjustable to help ensure 
that the entire usable area of the inverted microscope objective 1220 is substantially spanned or 

15 flooded by the initial image 50. The inverted microscope objective 1220 of each of the relevant 
lens systems 1210 focuses on the initial image 50. Then, using the initial image 50 as an object, 
the inverted microscope objective 1220 of each of the relevant lens systems 1210 further 
intensifies the initial image 50 to produce the substantially-reduced image 60, having a size that 
is substantially between one-thousandth and one-millionth of the size of the initial image 50. 

20 Each substantially-reduced image 60, once generated, is communicated in its entirety 

from the lens system 1210 of each relevant camera 1200 to the lens system 1310 of one or more 
relevant display systems 1300 via one or more relevant filaments 1 1 10 of a fiber optic cable 
1 100. The cameras 1200 each are coupled with a proximal or distal opposite end region 1 120, 
1 130 of the fiber optic cable 1 100; whereas, each of the one or more display systems 1300 is 

25 coupled with the end region 1 1 20, 1 1 30 opposite the end region 1 1 20, 1 1 30 to which the relevant 
camera 1200 is coupled. To facilitate optical communication between the lens system 1210 of 
each camera 1200 and each relevant filament 1110, optical signals 70 (shown in Fig. 2) 
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comprising each substantially-reduced image 60 are first substantially aligned with the relevant 
filament 1 1 10 and focused by a collimating and focusing system 1230. The substantially aligned 
and focused optical signals 20 (shown in Fig. 2) then are communicated to the relevant filament 
1 1 10 via an optical coupler (not shown). Depending upon a length of the fiber optic cable 1 100, 

5 the optical signals 20 can be enhanced by one or more optical repeaters (not shown), as needed, 
to preserve image quality as the optical signals travel from the relevant camera 1200 to each of 
the relevant display systems 1300. 

Upon arrival at the relevant display systems 1 300, the optical signals 20 comprising the 
substantially-reduced image 60 travel from the relevant filament 1 1 10 of the fiber optic cable 

10 1 1 00 to a collimating and focusing system 1 330 via an optical coupler (not shown). Upon 
receiving the optical signals 20, the collimating and focusing system 1330 produces optical 
signals 80 (shown in Fig. 4) that are substantially aligned and focused on a lens system 13 10 of 
each relevant display system 1300. The optical signals 80 comprising the substantially-reduced 
image 60 are communicated to the lens system 1310 of each relevant display system 1300, 

1 5 which, in turn, deminiaturizes the substantially-reduced image 60 to produce a visibly- 
presentable image 90. Each lens system 1310 preferably produces the visibly-presentable image 
90 via separate and/or substantially integrated microscope objective 1320. Each microscope 
objective 1320 focuses on the substantially-reduced image 60. To optimize image quality, each 
microscope objective 1320, using the substantially-reduced image 60 as an object, generates a 

20 restored image 95, which preferably has a size that is substantially between one thousand and 
one million times of the size of the substantially-reduced image 60. Thereby, the size of the 
restored image 95 is substantially equal to the size of the initial image 50 produced by the lens 
system 1210 of the relevant camera 1200. The microscope objective 1320 of each relevant 
display system 1300 then communicates the restored image 95 to the lens system 1310, 

25 preferably sizing the restored image 95 such that the restored image 95 substantially spans or 
floods an entire usable area of the lens system 1310 for improved resolution of the visibly- 
presentable image 90. Stated somewhat differently, the microscope objective 320 for each 
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relevant display system 1300 has a deminiaturization (or magnification) index that is adjustable 
to help ensure that the entire usable area of the lens system 1310 is substantially spanned or 
flooded by the restored image 95. 

Upon receiving the restored image 95 from the microscope objective 1320, the lens 
system 1310 of each relevant display system 1300 focuses on the restored image 95. Using the 
restored image 95 as an object, the lens system 1310 of each relevant display system 1300 
generates the visibly-presentable image 90. The visibly-presentable image 90 then is visibly 
presented by the lens system 1310 of each of the relevant display systems 1300. For example, 
after focusing and/or resizing the restored image 95, each lens system 1 3 1 0 can project the 
visibly-presentable image 90 on a viewing screen 350 (shown in Fig. 4). As shown in Fig. 6, the 
visibly-presentable image 90 alternatively can be viewed more directly by looking substantially 
toward an image surface 430 of the lens system 1310. To facilitate viewing of the visibly- 
presentable image 90, one or more light shields 440 and/or a translucent viewing screen 450, 
^ such as a recticle, can be provided on each relevant display system 1 300, adjacent to the image 
15 surface 420 of the lens system 1310. The lens system 1300 of each relevant display system 1300 
further can be adjustable to aid in the visible presentation of the visibly-presentable image 90. 

For example, the system 1 000 can comprise two cameras C 1 and C2 and two display 
systems D 1 and D2 as shown in Fig. 7. The camera C 1 and the display system D2 each are 
coupled with the proximal end region 1 120 of the fiber optic cable 1 100; whereas, the camera C2 
20 and the display system Dl each are coupled with the distal end region 1 1 30 of the fiber optic 
cable 1 100. The lens system 1210 of the camera CI is optically coupled with, and is in optical 
communication with, the lens system 1310 of the display system Dl via a first filament 1 1 10 of 
the fiber optic cable 1 100. Similarly, the lens system 1210 of the camera C2 is optically coupled 
with, and is in optical communication with, the lens system 1310 of the display system D2 via a 
25 second filament 1 1 1 0 of the fiber optic cable 1 1 00. Through the use of such a system 1 000, the 
camera CI is directed substantially toward a first user (not shown) and creates a real-time image 
of the first user. A second user (not shown) can view the real-time image of the first user on the 
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display system Dl while the camera C2 is directed substantially toward the second user. A real- 
time image of the second user is generated by the camera C2 and communicated to the display 
system D2 for viewing by the first user. Thereby, the first user and the second user can 
substantially simultaneously view real-time still and/or moving images of each other. 


comprises a combination of one camera C3 and two display systems D3 and D4 as shown in Fig. 
7. The camera C3 is coupled, for example, with the proximal end region 1 120 of the fiber optic 
cable 1 100, and the display systems D3 and D4 each are coupled with the distal end region 1 130 
of the fiber optic cable 1 100. The lens system 1210 of the camera C3 is optical coupled with, 

10 and is in optical communication with, the lens system 1310 of the display system D3 via a first 
filament 1 110 of the fiber optic cable 1 100. The lens system 1210 of the camera C3 also is 
optical coupled with, and is in optical communication with, the lens system 1310 of the display 
system D4 via a second filament 1 1 1 0 of the fiber optic cable 1 1 00. Alternatively, the lens 
system 1210 of the camera C3 can be optically coupled with, and in optical communication with, 

15 the lens system 1310 of the display system D3 and the lens system 1310 of the display system 
D4 both via the first filament 1 1 10 of the fiber optic cable 1 100. In use, the camera C3 is 
directed substantially toward one or more objects 40 (shown in Fig. 2) and creates a real-time 
initial image 50 (shown in Fig. 2) of the objects 40. Optical signals 20 (shown in Fig. 2) 
comprising the real-time initial image 50 are optically split and intensified to form two 

20 substantially-reduced images. One substantially-reduced image is simultaneously optically 
communicated in real-time to the display system D3; the other substantially-reduced image 
substantially-reduced image is simultaneously optically communicated in real-time to the display 
system D4. The optical signals 20 can be optically split substantially adjacent to the proximal 
end region 1 120 of the fiber optic cable 1 100 such that two filaments 1 1 10 are used to 

25 communicate the optical signals, or the optical signals 20 can be optically split substantially 

adjacent to the distal end region 1 130 of the fiber optic cable 1 100. When the optical signals 20 
are optically split substantially adjacent to the distal end region 1 130, one filament 1 1 10 is used 


5 


Another illustrative example of the use of the system 1000 of the present invention 
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to communicate the optical signals 20. Thereby, the real-time initial image 50 of the objects 40 
generated by a single camera C3 can be visibly presented substantially simultaneously and in 
real-time on two separate display systems D3 and D4. 

As a last illustration of the system 1000 for transmitting images, a lens system 1310 for a 
5 display system 1 300 can be optically coupled with, and in optical communication with, a lens 
system 1210 of each of a plurality of cameras 1200. For example, as shown in Fig. 7, the camera 
CI and the camera C3 each are coupled with the proximal end region 1 120 of the fiber optic 
cable 1 100, and the display system Dl is coupled with the distal end region 1 130 of the fiber 
optic cable 1 100. The lens system 1210 of the camera CI is optical coupled with, and in optical 
10 communication with, the lens system 1310 of the display system Dl via a first filament 1 1 10 of 
the fiber optic cable 1 100. The lens system 1210 of the camera C3 also is optical coupled with, 
and in optical communication with, the lens system 1310 of the display system Dl via a second 

i. filament 1 1 10 of the fiber optic cable 1 100. Alternatively, the lens system 1310 of the display 
system Dl can be optically coupled with, and in optical communication with, the lens system 

15 1210 of the camera CI and the lens system 1210 of the camera C3 both via the first filament 
1 1 10 of the fiber optic cable 1 100. Thereby, when the camera CI and the camera C3 each are 
adapted to generate a substantially-reduced image 60, the substantially-reduced image 60 
generated by the camera CI can be superimposed upon the substantially-reduced image 60 
generated by the camera C3, and the display system Dl is capable of deminiaturizing and/or 

20 visibly presenting the resulting substantially-reduced superimposed image substantially 
simultaneously and in real-time. 

In use, the camera CI and the camera C3 each is directed substantially toward one or 
more objects 40 (shown in Fig. 2) and creates a real-time initial image 50 (shown in Fig. 2) of 
the objects 40. The lens system 1210 of the camera CI can be substantially directed toward 

25 objects 40 that are substantially the same as and/or different from the objects 40 toward which 
the lens system 1210 for the camera C3 is substantially directed. For each camera CI, C3, the 
optical signals 20 comprising the real-time initial image 50 are intensified to form the 
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substantially-reduced image 60. The substantially-reduced image 60 of the camera CI and the 
substantially-reduced image of the camera C3 are superimposed to form a substantially-reduced 
superimposed image. The substantially-reduced image 60 of the camera CI and the 
substantially-reduced image of the camera C3 can be superimposed substantially adjacent to the 

5 proximal end region 1 120 of the fiber optic cable 1 100 such that one filament 1 1 10 is used to 
communicate the substantially-reduced superimposed image. Alternatively, the substantially- 
reduced image 60 of camera CI and the substantially-reduced image 60 of camera C3 each can 
be communicated to the distal end region 1 130 of the fiber optic cable 1 100 via separate 
filaments 1 1 10 and can be superimposed substantially adjacent to the distal end region 1 130. 

10 Upon receiving the substantially-reduced superimposed image, the lens system 1310 of the 
display system Dl deminiaturizes the substantially-reduced superimposed image and visibly 
presents an expanded superimposed image, comprising the deminiaturized substantially-reduced 
superimposed image, substantially simultaneously and in real-time. 


1 5 examples thereof have been shown by way of example in the drawings and are herein described 
in detail. It should be understood, however, that the invention is not to be limited to the 
particular forms or methods disclosed, but to the contrary, the invention is to cover all 
modifications, equivalents, and alternatives falling within the spirit and scope of the appended 
claims. 


While the invention is susceptible to various modifications and alternative forms, specific 
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